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ABSTRACT
In the recent past It has generally been asserted that augmentation 
of key sectors plays an important role for economic development and a 
substantial part of resource allocation should be made in key sectors. 
Input-output analysis through the concept of linkages has plyed a 
significant part in planning the process of economic development. The 
present study evaluates the linkage concepts and identifies key sectors 
in the Bangladesh economy empirically.
The present study uses a 47-sector input-output table of 1980 for 
distinguishing the degree of sectoral interdependencies. This work uses 
the intensity of interindustry linkage as an indicator of a sector's 
ability to spread growth impulse to its economic environment. Backward 
and forward linkages have been calculated and sectors have been 
categorised according to their total (direct and indirect) linkages. For 
computing forward linkages the output approach proposed by Jones has 
been adopted. The similarities of rank orderings of different linkage 
coefficients have been studied through Spearman's rank correlation. The 
mutual dependence of sectors is measured first by direct spread effects 
in terms of backward and forward linkages and then by Indirect effects 
by using inverse matrix. This study concludes with an assesment of the 
limitations of uses of linkages as indicators for key sectors and 
discusses possible extent ions of the present work.
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iCHAPTER 1 
INTRODUCTION
The lack of interdependence and linkage is of course one of 
the most typical characteristics of underdeveloped economies. 
(Hirscnman 3 958,pi09)
.... investment that js induced by complementarity effects 
may help to bring about a real transformation of an underde­
veloped economy. (Hirscnman 1958, p70)
Experience has shown that policies of deliberate economic 
development are confronted with the difficulty of anticipating the 
changes that take place in demand, production and trade as income rises. 
Conventional methods of aggregate and partial analysis are inadequate to 
deal with interrelated changes. Experience with structural imbalance in 
which surpluses occur in some sectors and shortages in others is a 
strong argument for studying structural interdependence. Previous broad 
approaches to quantitative national economic analysis have ordinarily 
taken two forms:
(1) There is the type of analysis which deals with major aggregates 
and relations among them such as total employment (perhaps by major 
divisons), consumers' prices, the major components of GNP and average 
wage levels. Examples include Chakravarty and Leferber (1964) and US 
National Planning Association (1945). Details are usually omitted from 
both analysis and results. It is implicitly assumed that there will be 
no change in the structural links among the finer units of the economy 
or they will continue to change at a constant rate or that such changes 
will not affect final results.
(2) Economic analysis that is primarily concerned with details of
2the economy. In such analyses magnitudes in particular industries or 
commodities are customarily linked with some larger economic aggregates 
but not through direct structural interconnectedness. An example is the 
study by US National Resource Committee (1939). If two or more such 
analyses are attempted simultaneously they may exhibit structural 
contradictions. These analyses may be useful in narrow areas but their 
value diminishes when detailed balance over broad areas is necessary.
For quantitative national economic analysis the interindustry 
relation approach is a useful dimension of analysis and research. An 
interindustry model is a complete structural description of the 
transactions occurring in a region during some period. It can 
incorporate a large part of the information derived from microeconomic 
studies of industry, firms, markets or consumers' behaviour. Its special 
virtue is the ability to depict the interdependence of economic 
transactions.
With the expansion of the static notion of external economies to 
the dynamic context of growth, structural interdependence between the 
various sectors of an economy can provide the analytical basis for some 
of the propositions in the theory of growth. In particular, the 
interdependence of investment decisions has been analyzed from two 
angles: the interdependence arising from the consumption side and the 
interdependence arising from production or technical relations.
The first is essentially a Keynesian approach relating the 
expansion of industries to the generation of incomes and has led some to 
advocate synchronous expansion of a complex of industries supporting 
each other through simultaneous creation of effective demand. Nurkse 
(1953) is the must notable example. This approach emphasizes the need 
for maintaining a balance between relative rates of growth of the 
sectors of the economy compatible with a given demand structure.
The second approach to interdependence arises through technological 
interconnections between the various sectors of the economy and has led 
to explore; ion of the notion of 'key sectors'. The underlying idea is
3that some sectors possessing powerful linkages with other sectors are in 
a favourable position to induce other sectors' expansion and can 
sometimes facilitate the introduction of new sectors. Thus, investment 
in those sectors which have higher linkages can provide pressures and 
incentives.
In the literature of development much attention has been paid to 
the problems of choosing a suitable development strategy and identifying 
key sectors in the process of development. In particular, criteria are 
necessary for determining sectoral priorities in planning as well as in 
the sectoral allocation of development assistance for assuring the 
maximum growth effect. As Schultz points out,
The greatest growth effects are obtained in the so-called key 
sectors which, owing to their high degree of economic 
interdependency with other branches of the economy, produce a 
"carry-over" of growth impulses. The converse, minimisation of 
growth losses, might be sought through promotion of present or 
potential bottleneck areas. By comparison, the determination of 
bottleneck sectors seems rather casuistic whereas the concept of 
leading or key sectors can be applied in systematic 
analysis.... Certain areas of an economy are, owing to their 
close, technology-related ties. in a position to promote, or 
generate growth in other sectors through that of their own. To 
give preference to these strategically important sectors in the 
distribution of resources is thus to support the internal growth 
process in the most efficient way possible (Schultz 1973, 
pp27-28).
Knowledge of strategic areas of the economy is necessary to attain 
the most efficient application of resources with respect to sectoral 
a 1 location.
The concept of linkages has been suggested as a criterion for 
selecting key sectors (Rasmussen 1958, ppl40-2). Hirschman made the
seminal contribution by distinguishing between backward and forward 
linkages and by suggesting methods of measuring them for industrial 
activity. He also formulated the unbalanced growth strategy, according 
to which countries or regions which have assigned high priority to high 
linkage industries would have generally higher growth rates than those 
which have not given attention to selecting their priority sectors. 
Chenery and Watanabe (1962) compared the structures of linkages for a
4large number of countries and provided operational interpretation for 
different linkage classes. Recent studies by Yotopoulos and Nugent 
(1973) and Yotopoulos and Lau (1977) have provided verifiable 
formulations of Hirschman's ideas and have investigated the relation 
between the linkage hypothesis and balanced versus unbalanced growth 
strategies. Some authors (Rosenberg 1969, and Stewart 1976) advocate 
that technical change more frequently originates in a specific number of 
sectors from which it flows by means of forward linkages with other 
sectors. This way, the choice of key sectors affects not only the growth 
of relevent macroeconomic magnitudes, but also the rate of technical 
change of the whole economy.
There are two types of structural linkages:
1. An activity absorbs inputs from others so that when it 
expands its output it provides stimulus for the expansion of 
production of input-providing industries. This is termed the 
backward linkage effect.
2. An activity provides inputs to other industries and in so 
doing stimulates the setting up o f a new industry or 
expansion of output of absorbing industries. These are termed 
forward linkage effects.
The potential importance of a particular sector in generating
growth depends upon the strength of these stimuli and it is argued 
(Hirschman 1958, pll3) that backward linkage effects are more powerful 
than forward linkage effects and can be used to make investment
decisions more effective.
In fact, Hirschman himself (1968, pllo) has recognized explicitly 
that linkages in the input-output sense are not so much the cause as the 
result of industrialization and can, therefore, be expected to develop 
only along with it, that potential linkages can be realized in practice 
only if certain conditions are satisfied, and that if these conditions
are not satiafied the linkages would tend to reflect themselves merely
In larger imports of intermediate inputs, high prices and unutilized 
capacity.
In reality, potential linkage effects were claimed to be able to
5give no more than a basis for judging which industrial sectors were 
likely to be 'net beneficiaries of external economies' in the process of 
development and can provide greater induced investment once the process 
was initiated. For this reason the use of the input-output table to 
identify 'agglomeration economies' or externalities appears to be much 
more in line with the original hypothesis about linkages than some of 
the other uses to which they have been put (Alagh 1972, Sec.3).
Recently, the concept of linkages has played an important role as a 
means of identifying key sectors in the strategy of development (Laumas 
1975, Bharadwaj 1966, Mel lor and Marfan 1981, Panchamukhi 1975, 
Bulmer-Thomas 1979). Although discussions of linkages usually relate to 
developing countries, the idea has been taken up by regional economists, 
who consider it to be a means of identifying industries or sectors which 
might be selectively promoted. In either case it is strongly believed 
that if resources, especially capital and entrepreneurial skill, can be 
concentrated in key sectors, output and employment in the country or 
region will grow more rapidly than if these resources were allocated in 
some alternative way (see for instance, Isard (1951), Washington 
University, International Economic Research Project (1951), Bulmer- 
Thomas (1973).
Interindustry or input-output techniques in planning are 
mathematical. The quantitative relations incorporated in the 
input-output models of planning emerge only through an operational grasp 
of the functioning of the economy. Once the logic behind such a 
formulation is pursued, the mathematical relations are seen to translate 
the operations into a more comprehensive forms. Interindustry tables 
provide materials to study structural changes and international 
comparison of economic structures can be made through interindustry 
techniques as suggested by Chenery (1962). In a study by Sandee (1960) 
interindustry techniques have been adopted to frame a demonstration 
planning model for India.
Input-output tables, and various measures of structural and trade 
dependence derived from them, provide a valuable insight into the
6interdependence of various sectors of the economy and can be used as a 
first step for identifying potential areas of project development and 
evaluation. It is important to keep in mind that planning models using 
interindustry techniques alone have limited use and it is desirable to 
generalise the model atleast by putting the capital-structure relations 
into the mathematical relations of the planning model. However, the 
interindustry tables provide the first essential step in the formulation 
of national planning models. The technological relations between inputs 
and outputs enable the planner to ascertain what part of the gross 
output in a sector is used up in the various production processes 
(intermediate uses) and what part is available for the ultimate users 
(final uses). Such knowledge can serve an important purpose. Hirschman 
writes,
As a first step, it is instructive to look at the various 
sectors of an economy with the aim of appraising the amount and 
kinds of linkage effects which they exert. With linkages most 
fully developed in advanced industrial countries, it is tempting 
to turn to them to discover those sectors or subsectors that 
ought to receive high ratings in any development program not 
only on account of the intrinsic usefulness of their output but 
because of the further development stimuli which are likely to 
emanate from them (Hirschman 1958, p104).
Development is the record which shows how ’one thing leads to 
another' and linkages provide such a record. Linkages focus on certain 
characteristics inherent in productive activities. These ongoing 
activities push or invite some operators to take up new activities. A 
linkage exists between the ongoing and the new activity. In recent years 
the input-output model has attained a position as one of the most 
important models in macroeconomics. The main advantage of the model is 
its 'ability' to take account of parts of the very complex network of 
simultaneous interdependencies. However, it should be noted that if a 
relatively simple and manageable mode] is capable of registering the 
complicated simultaneous relations connecting different sectors, it-will 
also be deficient in many ways.
Duane Evans regards the input-output approach as
a way of viewing the operations of a complex industrial 
economy - which may be of major assistance in delimitting or in
7framing sensibly questions about the national economy regarded 
as a set of many interrelated activities, and which may have 
great suggestive value in the search for solutions. The 
remarkable error control properties of the input-output system 
are a very real part of its great contribution to modern 
economic analysis (Evans 1954, p53).
Ex post linkage analysis indicates the inducements which are 
transmitted to a sector or a group of sectors if final demand changes at 
the margin; it can therefore be used for a country at a point of time to 
see if government policy is consistent with the ranking of sectors. It 
can also be used for identifying 'enclave' sectors and to help promote 
policies for the integration of the enclave with the national economy. 
It can be used for a country over time (Weisskopf 1971) for establishing 
changes in intersectoral interdependence and it can be used for 
international comparisons. It has been suggested (Yotopouios 1973) that 
ex post linkages can be used to shed light on the balanced-unbalanced 
growth hypothesis. According to McGilvray (1977) it is not the high 
linkage sectors which necessarily grow at an above-proportionate rate, 
but the sectors tied to high linkage ones through the inducement 
mechanism.
Ex ante linkage analysis is akin to a second-order argument, which 
is appropriate for two mutuaily-inconsistent but socially desirable 
investments decisions. Ex post linkage analysis belongs to positive 
economics while ex ante linkage has more normative aims. Techniques 
with normative ambitions tend to be more controversial and ex ante 
linkage analysis is not an exception. Ex post linkage analysis will 
remain always appropriate although its ambitions are much more limited 
than the ex ante kind (Bulmer-Thomas 1982). The most important point to 
remember is that the stimulus provided to other sectors by an investment 
in one sector is an externality which is excluded by the market and 
accounting cost-benefit analysis (Stewart 1972), although Little and 
Mirrlees (1974, Chapter XXXVI) argue that linkage effects will be 
incorporated into cost-benefit analysis by 'proper' estimation of 
indust ry de mand s .
The only answer to the question of the high degree of resource
8mobility is input-output analysis which is 'macro' in terms of its 
coverage and yet 'micro' in terms of approach. Many countries have 
long-run development programs. Their aims vary from the setting of 
general targets to detailed sectoral planning. Although the modes of 
implementation differ widely from country to country, the common aims of 
such programs are to raise the level of capital formation and to ensure 
the use of investment resources to maximum advantage. For underdeveloped 
economies the best use of investible resources may involve changes in 
the structure of production and it is difficult and important to trace 
their effects on the rest of the economy. The input-output system 
offers great advantages in tackling such problems since it can' deal 
explictly with various types of structural changes.
An input-output model plays an important role in the forecasting 
procedure. In essence, a detailed forecast of final demand is prepared, 
and from this projected levels of interindustry transactions are 
computed. Consistent forecasting provides an important guide to public 
policy-makers, and such forecasts are extremely useful to the management 
of individual enterprises. Consistent forecasting as it has been 
practised in France (Business Week, May 25, 1963, pp.140-44) has been 
quite successful. It is also possible that the forecasting procedure 
itself contributes to the realization of projected output levels.
The versatility of the input-output model was emphasized by Tibor 
Barna (1963, p2) in his introduction to the proceedings of the Third 
International Input-output Conference. Barna's remarks indicate that the 
use of the input-output technique is not restricted to advanced, 
industrialised countries; it has become a major analytic tool in the 
important field of development economics. As such, the 'underdeveloped' 
nations of the world have exhibited as much interest in input-output 
analysis as have those with highly complex industrialized economies. As 
Leontief writes:
The process of development consists essentially in the 
installation and building of an approximation of the system 
embodied in the advanced economics of the US and Western Europe 
and, more recently, of the USSR - with due allowance for 
limitations imposed by the local mix of resources and the 
availability of technology to exploit them. (Leontief 1963, 
p 15 9)
9Input-output analysis provides a map for this process of development. 
Comparison of the structural relationships in an underdeveloped economy 
with those of an industrialized economy shows the gaps that have been
filled.
Last but not least, government policies toward industries with high 
linkages and towards industries induced by high linkages should be 
conducive to the growth of these industries. Institutional and policy 
factors dictate the realisation of linkages to a large extent. In a 
developing and growing economy like Bangladesh, these factors play a 
prominent role in determining whether apparent linkages are converted 
into growth impulses or not.
The present study is mainly concerned with reviewing the concepts 
of linkage analysis and analysing sectoral linkages and identifying key 
sectors in the Bangladesh economy. It is worth noting that the criteria 
for selecting key sectors are related to the various objectives embodied 
in the national planning process. For example, benefit/cost analysis or 
multisectoral programming models could be used for selecting key 
sectors. Our present purpose is not to examine how the linkage criterion 
conforms to or conflicts with other criteria but to see what policy 
measures are consistent with the linkage-based criterion. The 
interindustry linkages are calculated and examined to determine sectoral 
abilities to spread growth impulses to the whole ecomony. The next- 
chapter presents a brief overview of the Bangladesh economy. The third 
chapter deals with the historical development of the linkage hypothesis 
and presents the various indexes in a consistent form. The merits and 
drawbacks of the indexes are also discussed. The fourth chapter contains 
the computations of the linkage indexes for the Bangladesh economy and 
the analysis and interpretation of the results. The last chapter 
discusses the limitations of the usage of linkages as tools for policy 
decisions and also for selecting key sectors and some suggestions for
further work.
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CHAPTER 2
GENERAL FEATURES OF THE BANGLADESH ECONOMY
Bangladesh is primarily an agricultural country covering an area of 
55,598 square miles with a population of 87.2 million ( 1 9 7 9 - 8 0 About 
90 per cent of people live in villages of which 80 per cent are 
dependent on agriculture. Agriculture contributes about half of GDP. 
Average per capita income is Taka 2,087 (US $135) and more than four 
fifths of the population is considered to be below the poverty line in 
terms of calorie requirements. Poverty, malnutrition, unemployment and 
illiteracy are rooted deeply in the colonial past of Bangladesh. 
Bangladesh, being an underdeveloped and particularly war-ravaged 
economy, is facing numerous economic problems which include lack of 
capital, lack of technical knowledge and skilled nmnpower, scarcity of 
foreign exchange and entrepreneurial talents, inadequate and 
underdeveloped transport and communications, problems of inflation and 
unemployment, low per capita income and an extremely low standard of 
living. In fact, the Bangladeshi economy may be defined as a bundle of 
economic problems. The solution to them lies in knowledge of the nature, 
causes and effects. At the same time it is also necessary to discover 
ways and means of solving these problems.
With a view to solving the existing problems in Bangladesh and also 
promoting greater economic growth, proper economic planning is 
essential. Formulation of plans, setting up specific targets, 
classifying expenditures under different heads, estimation of economic 
resources and discovering the techniques of proper utilisation of 
resources are an essential. Therefore, the study of economic resources 
and their proper allocation is necessary for achieving steady economic 
growth. It is appropriate to present a brief account of resources in the 
Bangladesh economy and these are described below.
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2.1 Natural Resources
1. Weather and Climate: Bangladesh falls within the monsoon
region.
2. Soil: Fortunately Bangladesh possesses a very fertile and
high quality soil. The whole counry is a delta plain formed 
by silts of rivers.
3. Water Resources: Bangladesh is a riverine land. River water 
deposits a lot of silt on the land.
4. Forest Resources: About 16 per cent of total land area is
under forest. Bangladesh is not rich in forest resources.
5. Mineral Resources: Bangladesh is deficient. in mineral- 
resources. Some resources like coal, limestone and clay are 
pesent.
6. Power Resources: Due to the presence of sufficient water
resources it has good opportunities for hydro power although 
Bangladesh has insufficient atomic power.
2.2 Human Resources
Bangladesh has abundant labour resources which are in serious need 
of technical knowledge, education, productive skills and scientific 
training. The total civilian labor force is 23.7 million. The crude 
activity rate is 23.8 per cent. Labor force participation is 45.3 per 
cent. Table 2.1 reveals that the population growth is rate is very high, 
especially in the 15-29 age groups.
Table 2-1: Intercensal Growth Rates of Population in per cent.
Age group 1961-74 1974-81 1971-81
15-19 3.06 4.06 3.41
20-24 1.81 4 . 10 2.61
25-29 1.37 3.46 2.10
15-29 2.11 3.10 2.73
TotaI popu1 afjon 2.48 2.32 2.43
Source : 3ang ] ades'n
Stai. i stica 1
Bureau of 
Yea rbook.
S ta t i s t i c s , 
1983.
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2.3 Agriculture and Main Crops
Agriculture is the main occupation of the people employing 61.3 per 
cent of the labor force . This sector directly contributes 46 per cent 
of GDP. While Bangladesh is one of the most fertile lands in the world, 
due to paucity of capital and other inputs its yield per acre is one of 
the lowest. Rice, wheat, jute, sugarcane, tobacco, oilseeds, pulses and 
potatoes are the principal crops. The country produces about 90 million 
pounds of tea per year and a sizable part of it is exported. Bangladesh 
produces about 5 million bales of superior quality jute annually and 75 
per cent of the export earnings come from jute and jute manufactures. 
Bangladesh has marginal deficit in foodgrains.
2.4 Industries and Development Plans
The industrial backwardness of Bangladesh can be attributed to the 
lack of entrepreneurs, tendency towards export of raw materials, lack of 
skilled labours, scarcity of credits, power and minerals, dearth of 
foreign exchange, insufficient state assistance to private sectors and 
lack of political stability. A large portion of the savings is spent on 
conspicuous consumption. The resource gap is a great bottle-neck for 
industrial development in Bangladesh. The World Development Report, 1985 
indicates that in Bangladesh investment was 17 per cent of GDP, while 
savings were only 2 per cent. The rate of capital formation is very low. 
There is a great dearth of capital resources in Bangladesh. Only 7 
percent of national income is transformed into capital formation while 
economists suggest that at least 12 to 15 percent of national income is 
essential to be converted to capital for smooth economic growth. 
Although Bangladesh is principally an agricultural country, a large 
number of large-scale industries based on both indigenous and imported 
raw materials have been set up. Among them jute manufacturing, carpet, 
paper, newsprint, sugar, cement, chemicals and fertilizer are important. 
The Industrial sector contributes around 10 per cent of GDP and it is 
dominated by jute processing followed by cotton textiles and cigarettes. 
Table 2.2 shows the sectoral shares of GDP in Bangladesh at currrent 
prices.
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Table 2-2: Sectoral Shares of GDP of Bangladesh
at current prices In per cent
Sec tor's 1978-79 1981-82 1983-84
1. Agriculture 52.9 45.9 45.7
2 . Mining and Quarrying 0.0 0.0 0.0
3 . Industry 9.2 9.7 9.6
4 . Construction 5.6 6.0 4.6
5. Power, Gas 0.3 0.4 0.4
6. T ranspor t 5.5 8.6 8.5
' Trade services 9.0 8.3 8.7
8 . Housing services 7.4 7.4 7.4
9. Public administration 2 . 1 3.6 3.8
10 . Bank and insurance 1.3 1 .6 1.5
11 . Professionals and misc . 6.7 8.5 9.3
services
Source: Bangladesh Bureau of Statistics,
Statistical Yearbook, 3983
During the last two decades attempts have been niatde through a 
series of development plans to solve the economic problems of 
Bangladesh. However, there has been no perceptible improvement in the 
standard of living of the people. The development experiences of the 
1970s have been generally disappointing. The country has increasingly 
been dependent on foreign aid. This scenario has remained basically 
unchanged over the last two decades but a process of change has set in 
since 1975. The period subsequent to 1975 may be called the period of 
consolidation typified by the rehabilitation of a war-torn economy. 
Between 1975-80 GDP registered an increase of about 5.2 per cent per 
annum despite agricultural setbacks in 1976-77 and 1978-79 due to 
flooding and droughts. During this period there was appreciable 
improvement in exports and industrial production and an acceleration in 
construction activities. In fact, the improvement in performance of the 
economy during the second half of the 1970s laid the basis for embarking 
upon a reasonably large development program in the 1980s.
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Development efforts were severely constrained by the scarcity of 
domestic resources. With the failure to raise domestic resources to the 
desired level, the dependence on foreign aid increased. The proportion 
of external capital flows to the development outlay, instead of 
declining, actually increased to about 78 percent (The Second Five Year 
Plan, Planning Commission of Bangladesh, 1983).
The process of economic development in Bangladesh since 
independence can be viewed as consisting of distinct phases. The first 
phase lasting for nearly three and a half years from independence to 
1975 was mainly concerned with the rehabilitation and recovery of the 
economy after the war of Independence. The second phase following it 
was characterized by a number of economic stabilisation measures leading 
to the consolidation of the economic foundation of the country and 
creating the conditions for economic progress. The comparitive 
performance of the economy in the two phases is indicated in Table 2.3.
There have not been any major changes in the structure of the 
economy over the last seven years. This can be seen from Table 2.4. 
While during this period GDP has risen and the shares of agriculture, 
manufacturing and other sectors in GDP have changed a little, 
agriculture still remained the dominant sector of the economy. The share 
of the agriculture declined from 57.6 per cent to 54.9 per cent over the 
period. While usually in a growing economy the share of agriculture 
tends to decline and that of manufacturing increases, this had not 
happened in Bangladesh in the 1970s. During the 7 year period 
agriculture shared 30.08 per cent and industry 15.24 per cent of GDP. 
The remaining investment went into other sectors which grew faster than 
the combined growth rates of agriculture and industry. Further, the 
growth in these two sectors slowed down - agriculture mainly because of 
unfavourable weather and industry due to the diminishing scope for 
utilisation of idle capacity and delay in completion of on-going 
projects. The contribution of the other sectors to incremental output 
was 53 per cent showing a considerable rise from the 1972/73 benchmark 
level of 32 per cent. The largest increase was made by the trade and 
other sectors where the share rose from 23.30 per cent to 35.70 per cent
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Table 2-3: Comparative Growth Scenarios under the
Two Phases of the First Five Year Plan
I tern First two 
years
(1973-75)
Last three 
years
(1975-78)
1. Average Annual Growth Rate (per cent) 
TERMINAL YEAR POSITION:
1. Gross Investment as per cent of GDP
5.7 6.4
at current market prices 
2.Net Capital Inflow as per cent of GDP at
6.30 13.45
current market prices 
3.Gross Domestic Savings as per cent, of
7.24 8.82
GDP at current market prices 
4.Tax Revenue as per cent of GDP at current
N . A . 4.63
market prices 4.34 7.93
5.Current budget surplus(100 millions) 125.14 367.4
G.Foodgrains production (10 millions) 112.24 131.0
Source: Planning commission of Bangladesh, 
Second Five Year Plan, 1983
of the incremental output. The faster growth of trade and other sectors 
can he explained by the fact that during this period there was a massive 
expansion in external trade, particularly import trade which rose from 
Tk. 7400 million in 1973/74 to Tk. 39510 million crore in 1979/80 at 
current prices. Though the import regime continued to remain consumption 
oriented, a significant shift towards intermediate goods to utilise 
domestic capacities and capital goods took place in the second half of 
the 1970s. Foodgrain imports averaged 17 million tons per annum during 
1973/74 and 1979/80, the level fluctuating with domestic production; it 
accounted for 25 per cent, of the import bill on average. Imports of 
non-foodgrain consumer goods such as edible oil, textiles, milk foods 
and pharmaceuticals increased from Tk.1420 million (US $178 million) in 
1973/74 to Tk. 5270 million (US $340 million) in 1979/80. In 1979/80, 59
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per cent of non-foodgrain imports comprised intermediate goods and 27 
per cent capital goods as compared to 48 per cent and 22 per cent 
respectively in 1973/74. The share of consumer goods declined to 20 per 
cent in 1979/80 from 30 per cent in 1973/74.
Table 2-4: GDP and 
tiie
Growth Rates 
Two Year Plan
in the 
Period
First Five Year 
in 10 millions
and
Annual
(per
Compound 
cent)
Growth Rate
Sector 1972/73 1979/80 1973/75 1975/78 1973/80
Bench
mark
Ac tual Actual Over
Bench
mark
Over
Actual
Act.ua 1 Over
Bench
mark
Over 
Ac tua1
1. Agricul­
ture
2833 2722 3580 1.5 4.4 5.2 3.1 4.0
2. Manufac-
fur ing 520 330 537 -13.3 6.4 11.1 0.5 7.2
3. Constr-
uction
4. Power and
184
!
144 373 -2.2 10.6 15.0 10.6 14.5
Gas 15 8 20 -18.3 11.8 17.0 4.2 14.0
5. Housing 236 236 304 2.7 2.7 4.1 3.7 3.7
6. Trade,
transport 1165 
and others
1090 1707 4.9 8.4 6.7 5.6 6.6
GDP (tota1 ) 5003 4530 6521 .5 5.7 6.4 3.9 5.3
Popu la 1. i on
in million 74.3 74.3 87.2 3.0 3.0 2.0 2.3 2.3
Per Capita
GDP(Tk) 673 610 74 8 -2.4 2.5 4.3 1.5 3.0
Source: Bangladesh Bureau of Statistics, 
Statistical Yearbook, 1983.
Endemic poverty requires a determined effort for planned 
development; an intense desire to achieve a visible improvement in the 
standard of living of people within a reasonable time warrants a search 
for an optimum size of the plan. Expectations were reinforced by
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Table 2-5: Structural Change in GDP (1972-1980)
in 10 millions
sector 1972/73
GDP composition 
1979/80 1972/73 1979/80
contribution to 
incremental output 
(GDP per cent)
Bench
mark
Actual Actual Actua1 Actua1 Over
Bench
mark
Over
Actual
1. Agricul 
tu re
- 2883 2722 3580 60.09 54.90 45.92 43.09
2. Manu- 520
factoring
330 537 7.28 8.23 1.12 10.40
3. Constr­
uct i on 184 144 373 3. .1 8 5.72 12.45 11 .50
4. Power 
and gas 15 8 20 . 18 .31 .33 . 60
5. Housing 236 236 304 5.21 4.66 4.48 3.42
6. Trade, 
transport 
and
others 1165 1090 j 707 24.06 26.18 35.70 30.99
Total: 5003 4530 6521 100 100 100 100
Source: Planning Commission of Bangladesh, 
Second Five Year Plan, 1983.
significant, improvements in development performances during the second 
half of the last decade. Between 1975/76 and 1979/80 GDP increased at an 
annual rate of 5.2 percent. There were substantial improvements in the 
domestic resource situation along with an increase in foreign aid. 
Although the socioeconomic imperatives call for a very large plan, its 
size is constrained by availability of domestic and external resources 
and institutional capabilities.
An important condition for realising t.he plan size and obtaining 
the required volume of external assistance is the management ability of 
the country, particularly that of t.he public sector. Aware of its 
limitations, the Government has already liberalised its policy towards 
t.he private sector in order to bring about maximum use of the most 
crucial factor, i.e.. the entrepreneurial and managerial potential of
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the country. The plan has particularly addressed the problems of public 
sector management and suggests ways and means to improve its management 
and implementation capacity. There has been significant improvement in 
its management ability, but the thrust needed to be maintained as there 
was no scope for being complacent about recent successes as the Second 
Five Year Plan had to make heavy demands on Government as well as 
private institutions for a high level of professionalism.
In the next section we present a brief view of the sectoral 
allocations in the Second Five Year Plan (1980-85). The sectoral 
allocation (as has been described in the Second Five Year Plan, T983) 
has been determined in accordance with the national priorities within 
the broad framework of a multi-sectoral model of interindustry 
input-output and investment-output relationships. Except for some of the 
final demand goods and services such as food and textiles and primary 
education which were autonomously determined as socially desirable goals 
and some investment of a lumpy nature, output and investment were 
basically determined endogenously within the model. In case of merit 
wants like food and textiles and social goods like health and education, 
income, price and distribution policy implications were worked out to 
establish their feasibilities. All investments except for flood control, 
rural electrification, primary education, cement, and fertilisers were 
determined within the model on the basis of estimated demands for final 
goods. The investment implications of the model were restructured into 
institutional Programms for implementation, first into public and 
private sectors and then into public sector agencies. The sectoral 
allocation of the Second Five Year Plan Outlay is shown in Table 2.6.
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Table 2-6: Sectoral Allocation of the Second Five
Year Plan 1980-1985 in Taka in 10 millions
Sectors Public Private Tota 1
I. Agriculture, Water and Rural 3802 2257 6059
Development
2 . Industries and Minerals 1390 1769 3159
3. Transport and Communications 1524 976 2500
4 . Physical Planning and Housing 574 1098 1672
5. Power and Energy 2052 - 2052
6. Social Economic Sectors 1758 - 1758
Totals 11,100 6,100 17,200
Source: Planning Commission of Bangladesh, 
Second Five Year Plan, 1983.
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In sectoral allocation, the highest priority has been given to 
those secLors which have immediate direct effects on the supplies of 
basic needs, on employment generation and on resource mobilisation. The 
agriculture, water and rural development sector satisfies all of these 
conditions and has, therefore, received the highest priority in the 
a 1 local, ion of resources. Over 34 percent of public sector allocation 
was for agriculture, water and rural development. As poverty, 
unemployment, illiteracy and malnutrition are pervasive in rural areas, 
more than a simple sectoral approach is necessary for rural development. 
As a part of a comprehensive approach to rural dove 1 opement the Plan 
emphasises the development of basic socioeconomic infrastructures in 
rural areas so that its population will have greater
access to resources and employment opportunities and to an 
equitable share of the benefits of planned development. Thus, besides 
the supply of basic needs and employment programs for primary education, 
population control, rural electrification and rural health facilities 
have been given high priority in the Plan. Since the planned emphasis 
was on the agriculture which was considered to have high potential 
growth, the Plan did not expect any notable change in the structure of 
GDP during the plan period, although it will further strengthen the 
foundation for long term structural change. Table 2.7 shows the 
structural position in GDP occured over the Second Plan period.
Sectoral allocation becomes more fruitful when special attention is 
paid to strategic sectors of the economy which can induce expansion in 
other sectors and one of the ways of identifying strategic sectors is 
linkage analysis. As mentioned above», in the Second Five Year Plan 
agricultural sector has been considered to be one of the top priority 
sectors. But agriculture in Bangladesh Is yet to be modernised and this 
sector, as in many developing countries, has very low linkage effects 
(backward and forward) due to relatively less dependance on other 
sectors (revealed in Chapter 4 of the prsent work). Heavy invsestment in 
this sector 5 s exper «cd no. to create growth impulses. There are more 
strategic sectors (pointed out in Chapter 4 of the present work) which 
deserve more attention in resource allocation and which are in a
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Table 2-7: Structure of GDP during the Second Five
Year Plan in per cent
Sectors Benchmark Terminal
Year
(1979/80) (1984/85)
1. AgricuiLure 51.62 50.81
2. Manufacturing 8.23 9.45
3. Construction 5.38 5.23
4. Power and Gas 0.21 0.35
5. Housing 6.63 5.91
6. Transport,Trade and other services 27.93 28.25
Source: Bangladesh Bureau of Statistics. 
Statistical Yearbook, 1983.
position to transmit growth impulses via their linkage effects. 
Dveiopment planning should emphasise production possibilities rather 
than on consumers’ demand and interindustry linkge analysis may help in 
projecting production frontiers.
The Second Five Year Plan assumed the external sector to be a 
vehicle for realising domestic production possibilities, expansion of 
employment and transfer of technology. The production programmes in 
different sectors have been designed to achieve sustained growth of 
exports with emphasis on product development, and for maximum possible 
import substitution so as to ensure the best possible use of domestic 
resources. Total merchandise imports (at 1979/80 c.i.f. prices) are 
estimated to cost Tk.17,802 hundred million over the five years of the 
plan: the import bill will amount to Tk.3,719 hundred million in 1984/85 
as compared with Tk.3,667 Hundred million in 1979/30 (see Table 2.8). 
The value of foodgrain imports is estimated at Tk. 2,013 hundred million 
or 11.3 percent of total merchandise imports over the Plan period as 
against 26 percent in 1979/30. Non-food imports are projected to 
increase at an annual rate of 5.5 percent., the value of imports rising 
to Tk.3.525 hundred million in .1984/85 from Tk.2,702 hundred million in 
1979/80. The projected growth rate for non-foodgrain imports is 
substantially lower than the realised growth rate of 11.3 percent over 
the past, five years.
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The projection of non-food imports takes into consideration {?} the 
Lime phasing of the development program over the Plan period and (b) the 
likely path of growth in consumption and domestic production of various 
commodities. Non-foodgrain imports are projected to provide (a) a steady 
flow of essential consumer goods in order to ensure the desired level of 
per capita consumption, (b) a supply of raw materials and maintainence 
spares for better utilisation of existing and new capacities in 
agriculture, manufacturing, energy, transport and other sectors, and (c) 
construction materials and capital goods needed in the investment 
programs of the public and private sectors. Forward programming of 
imports and maintainance of a minimum inventory level of essential 
commodifies will not only avoid periodic scarcities but will also free 
the administrative machinery from the burden of dealing with temporary 
but recurring crises. Of total non-foodgrain imports, intermediate goods 
will comprise roughly 51 per cent, capital goods 31 per cent and 
consumer goods .18 percent. With increases in domestic production, 
imports of consumer and intermediate goods will gradually decline curing 
the plan period; the proportion of intermediate goods is expected to 
decline to 48 per cent in the terminal year from 53 percent in 1979/30 
and consumer goods 17 percent as compared with nearly 20 percent in the 
base year. Import of capital goods will increase as no substantial 
import substitution capacity in capital goods was expected during the 
Plan period. The projections for merchandise imports and values of 
selected imported commodities appear in Tables 2.8 and 2.9.
Table 2-8: Projections for Merchandise Imports by
Major Commodities in 10 millions taka
I terns 1979/80 1984/85
1. Foodgrains 965 194
2 . Edible oil 105 155
3. Oil seeds 13 21
4 . Petroleum Products 199 193
5. Crude Petroleum 397 435
6 . Cotton (including staple fibre) 88 201
"• Cotton and synthetic yarn 17 38
8 . Text!]es 53 48
9 . Ferti1iser 207 151
10 . Cement 56 104
11 . Capital goods 736 1230
12 . 01her raw materials 598 700
13. Other consumer goods 233 249
Totals 3667 3719
Source: Planning commission of Bangladesh,
Second Five Y ea r Plan,198 3.
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Table 2-9: Value of Selected Commodities Imported
into Bangladesh in million taka
Commod i ties 1980-81 1982-83
1. Mea t 0.1 2.4
2 . Mi Ik ai>.d cream 595.4 867.5
3. Wheat unmilled 1869.6 3425.0
4. Rice 303.3 1029.7
5. Fruits and nuts 170.8 104.4-
6. Oilseeds for mixed vegetable oil 19.8 1 . 2
7. Fertilisers crude 190.2 177.7
8. Petroleum oil crude 5859.2 N . A .
9. Chemical products 87.1 126.0
10. Textile yarn 899.6 960.5
11. Agricultural machinery 22.4 31 . 1
12. Te]ecommunication equipmont 280.2 460.4
13. Fibres synthetic for spinning 200.2 88.4
14. Sulphur and unroasted iron pyrites 199.3 61.5
15. Medicinal and pharmaceutical products 460.6 406.5
16. Copper in primary forms 121.6 117.2
17. Nickel in primary forms 5.3 2.5
18. Aluminium (primary forms) 218.9 254.3
19. Zinc in primary forms 22.2 45.7
20. Tin in primary forms 6.6 4.0
21. Non-ferrous metal in primary forms 0.8 1.4
22. Power generating equipment others 1.9 2.5
23. Printing and book binding machinery 56.2 66.7
24. Food processing machinery 125 . .1 158.7
Source: Planning Commission of Bangladesh, 
Second Five Year Plan .1983.
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2.5 Review of the External Sector
The balance of payments position of Bangladesh has been
characterised by a growing deficit and dependence on workers' 
remittances and foreign aid to finance it. Between 1973/74 and 1979/80, 
the import bill rose from Tk.740 crore to Tk.3,667 crore or from US$925 
million to US$2,366 million. In current dollars, imports increased at an 
annual rate of about 17 per cent though in real terms (at 1972/73
prices) this was 5.6 per cent. Against this, exports increased from 
Tk.290 crore (US$363 million) to Tkl,118 crore (USS721 million) giving 
an annual growth rate of 12.1 per cent in current dollar terms and no
growth in real terms (at 1972-73 prices) over the same period. The
widening gap was partly needed to absorb an increased flow of external 
resources in order to finance a level of investment higher than domestic 
saving. In 1973/74 Bangladesh received Tk.3650 million in foreign aid, 
which rose to Tk. 1,8960 million in 1979/80 in nominal terms, in real 
terms (at 1972/73 import, prices) it. increased from Tk. 211 crore (USS264 
million) to Tk.590 hundred million (USS738 million) and by aid it 
financed 49 per cent, of the import, bill in 1973/74 anti 52 per cent in 
1979/80. As a percentage of GDP, disbursement of foreign aid rose from 
5.1 per cent to 10.4 per cent over the same period. The balance of 
payments gap itself is not a peculiar phenomenon for a developing 
country. The resource gap in the Bangladesh economy ied to balance of 
payments deficit that was covered by aid. The terms of trade went down 
to 71 in 1979/80 (1972/73=100). It reached its lowest point (54) in
1974/75 at the close of which the taka was devalued by 58 per cent 
(Second Five Year Plan, 1983). The terms of trade deteriorated as unit 
prices of exports failed to keep pace with the rise in the unit prices 
of import.s. This indicates the weakness of the export regime due to an 
excessive dependence on a few primary commodities and manufactures which 
have experienced low growth in demand.
In this chapter a brief outline of the structure and the growth of 
the Bangladesh economy has been presented. Subsequent chapters are 
employed to further analyse the structure of the economy. By using 
input-output fables wo can describe the economy as well as analyze 
interindustry connectedness. The input-output table of 1980 used in the 
present work is the first and the latest, one available for Bangladesh.
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CHAPTER 3
THE DEVELOPMENT OF LINKAGE INDEXES
Almost two centuries ago in 1753 Quesnay published his famous 
'Tableau Economiquo1 in which the notion of the treatment of necessarily 
interdependent productive activities was perhaps first formally 
introduced. These ideas influenced Adam Smith whose own great work was 
published two years after Quesnay's death. But it remained dormant for 
about, a century. At this time Leon Walras, a French economist appeared 
and employed a somewhat similar approach in examining the conditions of 
economic equilibrium. Finally, in modern times Professor Leontief of 
Harvard University recognized these ideas not simply as theoretical 
ideas but as practical instruments for attacking complex and perplexing 
problems of the economic environment.
As an empirical counterpart to the Walrasian model of general 
equilibrium, in 1936 Leontief (Leontief 1936) developed a general theory 
of production based on the concept of economic interdependence. Leontief 
concentrated on deriving a set of parameters for his model from a single 
set of observations of interindustry transaction in the economy. Like 
Walras he used the assumption of fixed production coefficients. The 
Leontief input-output model also makes several special assumptions which 
are not necesariiy made in other interindustry models. The most 
important of these are: (3) that a given product is only supplied by one 
sector; (2) that there are no joint products; and (3) that the quantity 
of each input used in production by any sector is determined entirely by 
the level of output of the sector.
Leon tief first published the i npm on i pu t. table for the IIS economy 
in 1936 using an open static model in which final demand is related to 
other sectors hut is determined autonomously outside the system. Since
then Leontief's open static model has been used extensively for 
regional, interregional and national planning and economic analysis in 
many countries. As this input-output approach can deal explicitly with 
various types of structural changes, it. has great, advantages in tackling 
such problems as tracing the effect of a change in an element of final 
demand on the rest of the economy.
One theory of economic development adopts a structuralist approach 
which focusses attention on the composition of the economy as a whole 
and essentially on the sources of production. Leontief, Chenery and 
Watanabe (1958) divided the economy into distinct activities to answer 
their concern for technological interdependence and sectoral 
interactions. Later on, the works of Kuznets (1971) on national income 
and output and the research by Chenery and Syrquin (1975) provided the 
necessary background to the structuralist view. According to this 
approach, it is important to identify the specific rigidities, lags and 
other structural features of developing economies that exert influence 
on economic adjustments and development policies. The input-output 
technique is well suited to analyzing the structure of uevelopement . As 
Leontief pointed out:
The input-output table is not. merely a device for displaying 
and storing informations, it is above all an analytical tool 
(Leon tief 1936, pi 66).
3.1 The Interindustry Relation Approach and Linkages
In the interindustry relation approach, an economy is regarded as 
having n-1 sectors of which n sectors have interconnections with the 
remaining one termed an autonomous sector. From the ith sector 
(non-autonomous) production level X^ , X^a may be required by the 
autonomous sector and the rest, goes to other sectors such that. X^= X^a + 
X j .j + . . .+X jR. The crucial assumption is that the production level 
delivered by one sector to a non-autonomous sector is a function of the 
production level of the latter, that is
28
and thus Xj = Xia+ Fjl(X1)+...+ Fjn(Xn).
With the restriction of non-decreasing and single-valued functions, 
given any desired set of end-product deliveries and technological 
structure, computations can be made to determine the minimum set of 
production levels. It remains to identify the functions connecting the 
different sectors.
The interdependence of economic activities is due to the fact that 
each productive activity or sector requires inputs supplied by other 
productive activities. Linkages are descriptive measures of the economic 
interdependence of industries. Economic models enable the examination of 
interdependence among sectors in terms of various kinds of linkage 
effects. The broad categories of linkages are: interindustry linkages, 
employment linkages, and income generation linkages.
In the recent past, the concept of linkages has drawn much interest 
as a means of identifying key sectors in the strategy of economic 
development, particularly of industrial development. Linkages provide a 
measure of the degree of sectoral interdependence in an economy and the 
amount by which expansion of one sector can influence growth in another. 
Although the indexes were originally devised by Rasmussen (1956) the 
idea of linkages as a means of identifying key sectors in development 
planning was first mooted by Albert Hirscnman (1958) in his famous book 
entitled 'The Strategy of Economic Developement ’ . Two important features 
underlying Hirscnman's argument are that in most developing economies 
there are imperfections in factor and product markets and there is a 
shortage of entrepreneurial talent. The imperfect market may lead to 
economic stagnation, unstable prices, low levels of employment and 
continuous disequilibrium in the economy. The lack of entrepreneurial 
skill may lead to ineffective investment decisions. In developing 
economies resources are not centrally allocated but depend on the 
atomistic responses of entrepreneurs. In such situations, investment 
opportunities will be missed and increased demand will be met by more 
imports. Thus, Hirscnman (1958) suggested a disequilibrium development 
strategy such that the economy will face severs shortages or excessive 
supplies. Facing these strong market signals, local entrepreneurs will
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be motivated to invest. Thus, leading sectors play an important role in 
creating disequilibrium and indicating investment opportunities. 
Interindustry linkage analysis can help in identifying leading sectors. 
According to Hirschman (1977) entrepreneurial decision-making is 
responsive to special push factors, such as linkages, emanating from the 
productive side. Since then linkages have been widely used in a number 
of historical and case studies of development (Fishlow 1965, Pearson 
1970, Hazari and Krishnamurty 1970, Roemer 1970).
A particular sector is linked with the other sector's which supply 
inputs to it and also with those which use its outputs. Thus an 
interindustry transaction table and its derived matrix of input-output 
coefficients provide a means of assessing the degree of structural 
inter-dependence in the economy. The level of interdependence of a 
particular sector with its economic environment can be indicated by the 
relation of intermediate to total transactions. The ratios thus obtained 
provide the sectoral linkages as described by Hirschman (1961, 
pplOO,105)
*
In an economy having multiple market imperfections, the public 
benefit of an investment project may diverge from private benefits for a 
variety of reasons, one of which is Hirschman's concept of linkages. 
There are two types of linkages:
- the input, provision, derived demand or backward linkage 
effects. The idea is that every nonprimary activity will 
induce attempts to supply through domestic production the 
input needed in that activity.
- the output utilization or forward linkage effects which refer 
to the fact that every activity that by its nature does not 
cater exclusively to final demands will induce attempts to 
utilize its output as inputs in some new activities.
enterprises with high linkages thus might generate externalities 
meriting government intervention. If so, then countries pursuing 
unbalanced growth paths stressing high linkage industries might, be 
expected to achieve higher growth rate than those following balanced 
growth paths.
For a specific sector S, backward linkages indicate the impact upon
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those sectors that provide intermediate inputs to S. Backward linkages 
indicate a network of intermediate flows in transmitting production 
stimuli to other sectors. They show to what extent economic branches 
have been specialising so far. Likewise, the forward linkages describe 
the potential impact on the sectors that utilize the output of S.
Taking backward linkages first., the direct dependence of each 
productive sector on all productive sectors (including itself) for its 
intermediate inputs is given by the ratio of total intermediate inputs 
to total supply in each sector. Symbolically, the direct backward 
linkage (DRL) is.
S X. .
i 1 where X is the i j t h element of the
DBL = — ---  ij
j flow matrix and X^ is the gross output
of sector j.
v aij ( 3 .1 )
win e r e i h e a ; ■ a r e l: in e tec h n i c a l c o - e f f j c i e n t. s .
Higher values of direct backward linkages (DRL) indicate that the 
sector under consideration draws more heavily on the other sectors for 
interfiledia fe inputs.
On the supply side, the dependence of sector S on all other sectors 
(including itself) for the disposition of its output - the measure of 
direct forward linkage (DFL) was originally formulated as follows:
DFL - a ij ( 3 .2 )
31
DFL measures the Impact on the sectors that utilize the output of 
the specific sector, following a one unit increase in output. This 
formulation of forward linkages has been shown to be wrong and this is 
discussed later on in this chapter. The above indexes only measure 
direct impacts and they do not account for indirect effects for which we 
need total linkage measures. In order to do that we need to define 
input and output inverse matrixes. Linkages calculated on the basis of 
input-output technical coefficients a —  show only the direct 
interdependence between productive sectors of the economy. However, an 
increase in output of sector j will require not only an increase in 
output of sectors producing inputs to sector j as indicated by the 
coefficients a —  but also increases in the output of the sectors 
contributing inputs to these sectors. In other words, an increase in 
output in sector j will generate a more than proportional increase in 
output of the economy as a whole. In this way, additional increases in 
output of different sectors are induced in the second, third, and 
further rounds of the’ process until trie additional outputs induced 
approach zero. The accumulated increase over all rounds can be obtained 
from Leontief's Inverse (I — A ) ‘. The sum of the interdependence
coefficients (the elements of the matrix (I—A ) ~) in either row or 
column of the inverse matrix give a measure of the direct and indirect 
interdependence between sectors of the economy. The total or direct and 
indirect, backward linkages (TRL) are thus defined as
TBL 2 z ( 3 .3 )
where [zjj ] = (I-A ) 1
Similarly, total or direct and indirect forward linkages (TFT.) are
TFL = s Zj : ...... (3.4)
j
The appropriateness of this formulation of forward linkage is 
discussed later in this chapter.
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Exactly analogous to the backward and forward linkages discussed 
above are Rasmussen's Power of Dispersion and Sensitivity of Dispersion 
which are claimed (Rasmussen 1958) to be more refined because they are 
properly weighted and they capture both direct and indirect effects. We 
present these measures in the next section.
For an n-sector system, we define the elements of the input inverse 
matrix Z = (I-A) * where A is the matrix of technical coefficient. Each 
element of column j of matrix 7. measures the direct and indirect impact 
of an increase of one unit of final demand for industry j on each of n 
sectors. These elements are defined in terms of gross output values and 
thus Zj (the column sum of Z) is the aggregate or economywide gross 
output, generated by an increase of one unit in final demand for industry 
j . The relative magnitude of Z- is important for comparative purpose 
and the measure can be normalized as
'a i Sza . .n' ij ij
( 3 . 5  )
The numerator gives the average value of elements in colmun j while the 
denominator is the average value of all elements of the inverse. This is 
the index of total backward linkages normalised to make it independent 
of the units of measurement. Values of U . greater than one indicate high
j "
backward linkages which i n turn means above average response in other 
sectors while values of U • less than one indicate below average 
response.
Ry reference to the rows of the input, inverst? we can obtain an 
index of total forward linkages, although it has been argued that this 
formulation is wrong and wiii he discussed later. Thus,
If 7. :j j7 ( 3 . G '
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gives a measure of the output which would be generated in sector i 
if finaJ demand in each sector could be increased by one unit. By 
normalizing we get forward linkage as
U
_L_
n Z .L
1
2n
(3.7)
Values of U ; greater than one indicate high forward linkages 
meaning that these sectors display above-average dependence on the 
output of other sectors.
These measures were first devised by Rasmussen (1956). He called li­
the Power of Dispersion and U ; the Sensitivity of Dispersion. These 
measures were used to indicate the role of linkages in industrial 
development and can be used as summary measures of structural 
interdependence of tiie economy. Sectors in which both Uj and U- are 
greater than unity are termed key sectors. A key sector thus generates 
above-average input requirements from other sectors and its output is 
widely used by other sectors. It is suggested that once key sectors are 
identified they should be given priority in investment allocation.
It is worth noting that a high value of U- or U- does not imply a 
correspondingly high value for income or employment multipliers and a 
high linkage index does not mean a high domestic value added content 
(McGilvray 1976).
it is important to distinguish between measures of linkages based 
on the existing technology of a country's structure of production and 
measures based on domestic production only. In the second case, U- and 
U; measure the impact of a unit increase in final demand on domestically 
supplied input.s and out.puts and the appropriate matrix for the 
calculation of backward linkages will be (I-A(j) 1 where A(j is the matrix
of the domestic flow coefficients. In the first case, measures of
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linkages are based on the technology matrix (I-A) 1 where A is the 
coefficient matrix of domestic plus imported intermediate inputs. In 
this case, U. and IJ; measure the impact of a one unit increase in final 
demand on total supply rather than gross domestic output. Key sectors 
experience disequilibrium and indicate investment opportunities. With 
respect to backward linkages, key sectors generate above-average input, 
requirements from other sectors and are more likely to induce investment 
in the supply sector either by expanding the existing plants or 
replacing imports.
With respect to forward linkages, tine mechanism is less direct but 
continues to hinge on major inputs. Thus, augmenting the growth of key 
sectors’ output provides greater prospects generating a sequence of 
induced investment decisions. Forward linkages are generally weaker 
since the output produced is not necessarily met. by adequate demand. 
High forward linkage coeffecients will be found in those sectors which 
produce relatively little directly for final demand but rather for 
intermediate demand of other sectors.
In Hirschman's book as well as in subsequent literature (eg. Schul t.z 
1977) more weight is given to backward linkages than to forward 
linkages. As Hirschman says,
Backward linkages are important not only from secondary back 
to primary production, but also from tertiary back both to 
secondary and primary production. .. As backward linkage is 
brought into play by increases in demand, we shall suppose that 
autonomous growth is taking place as a result of some net 
capital formation, improvement in efficiency and rise in 
exports....forward linkages could never happen in pure form . It 
must be always accompanied by backward linkages, which is the 
result of 'pressure of demand' (Hirschman 1958, pi.12-116).
While the forward linkages depend on the supply of inputs, the 
backward linkage is identified by an existing demand for inputs. Thjs 
implies that forward linkage is conditioned by Say's law which indicates 
that supply creates its own demand. Thus, backward linkage is more 
meaningful than forward linkage. Hirschman (1958) has suggested that 
ideally we should start by investing in those industries which are 
capable of generating induced investment in both backward and forward
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directions. If no such industry exist we should invest in industries 
with strong backward linkages because the pressures of excess demand are 
altogether a more powerful. reliable and calculable method of 
stimulating economic development. Rostow (1963) differs with Hirschman 
on this point. Rostow is of the opinion that for a take-off to occur, 
the economy must demonstrate the capacity to exploit forward linkages as 
well, so that the new leading sectors emerge as old ones decline. It is 
this demonstration of the capacity to shift; from one set of leading 
sectors to another which distinguishes abortive industrial surges in the 
transition period from a true take-off.
In industrial planning, simple rankings of linkage indexes are 
inadequate because a high, index for a sector could have been obtained 
although only one or two sectors stand to gain from backward linkages 
created by investment in that sector. High backward linkage in an 
industry may be high due to heavy demand from few industries. The high 
forward linkage for an industry may be due to heavy reliance on one or 
few industries. If final demand of this industry increases it leaves 
most other industries unchanged. This problem can be dealt with by 
considering the dispersion of the stimuli according to the coefficients 
of variation given as follows (Rasmussen, 1 953):
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A high value of V. means that the benefits of the stimuli provided 
by backward linkages would be unevenly shared while a low V- means that 
the investment in sector j would stimulate other sectors in a more even
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manner. A sector with a high power of dispersion if accompanied by a low 
variability is defined as key sector. The conclusions apply measures of 
forward linakges. Also in determining the direction and effectiveness of 
technical change lower values of variability may bring greater spillover
effects.
The empirical estimation of the backward linkages based on 
input-output coefficients raises some conceptual issues. A high backward 
linkage could be due to heavier reliance on purchased inputs or on sheer 
inefficient utilisation of inputs which inflates input requirements per 
unit of output.. For instance a large scale heavy industry equipped with 
efficient technology may show a backward linkage the same as that of a 
small scale industry operating with inefficient activity. The dependence 
on the marketed input which gives higher backward linkage to the former' 
as compared to the latter may be countervailed by the higher efficiency 
of input utilisation of the former. It has been pointed out by Hirschman 
(•953) that the inducement to expand output depends upon the absolute 
level of demand for its output and hence the potential inducement 
provided by a high backward linkage effect needs to be corrected for the 
probabilities that these inducements will prove to be effective in the 
sense that the absolute level of demand generated is at least equal to 
the minimum size for the given industry. For development planning, 
analysis of structural changes is also necessary and it is described in 
brief in the next section.
3.2 Rasmussen on Structural Change
A study of structural change involves the comparison of technical
coefficients for different years after due allowance has been made for
changes in prices of output. These sort of studies have been carried out
by Per Sevaldson (1954). The problem involves a comparison in the
*summary form of the matrices A and the matrix A for different years 
recalculated in terms of constant, prices. Following Leont ief this 
investigation can he performed by connecting A- j-A3; in absolute 
magnitude to { A ; j+• A ^j )/2 . It is necessary to introduce an appropriate 
system of weights in order to let a change in an important, input receive 
priority over a change in an unimportant input. Leontief used
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as the weight for each index of change. Another way of measuring 
structural changes is to compare A and ^matrices column by column. This 
way we compare the overall input pattern of each industry. Another 
measure of structural change can be obtained by applying the structures 
of one year to the final demand of other years and to compare the 
corresponding sets of values of total output. This way of measuring 
structural change considers certain changes in the elements of the Z 
matrix. It should be possible to subject the summary measures..to a 
meaningful interpretation. One way of summarising would be to consider 
changes in the row totals or weighted sum of row elements. This way of 
interpretation of the old established test of structural changes 
necessitates a snore detailed consideration of the matrix Z. We know that 
a relatively high value of V- (coefficient of variation) indicates the 
extent to which industry j draws one-sidedly on the system of 
industries. Similarly, a relatively high value of V ■ indicates whether 
the system of industries draws one-sidedly on industry i. It should be 
noted that in the formulation of V- and V.. standard deviations have 
been related to the averages of rows and columns respectively. These 
definitions assume some sort of proportionality between the deviations 
on the one hand and the respective averages on the other hand. This 
assumption calls for further investigation and there is the possibility 
of a number of alternative definitions.
We do not undertake the investigation of structural changes for the 
Bangladesh economy due to the unavailability of data suitable for 
studying structural change. The controversial issue of balanced- 
unbalanced growth version of the linkage hypothesis is discussed in the 
next section.
3.3 The Balanced-Unbalanced Growth Version of the Linkage Hypothesis
Nurkse (1953) argues that insufficient capital formation is the 
major cons;.mini on economic dove 1 opmcn 1, and capital formation itself 
is constrained more by an insufficient effective demand for investment
38
than by an insufficient supply of savings. Nurkse prescribes 
simultaneous growth, of each industry as a means of capturing the demand 
creation aspect of investment. He points out that
....an increase in production over a wide range of 
consumables, so proportioned as to correspond with the patterns 
of consumers' preferences, does create its own demand (Nurkse 
1953, pi2).
The conceptual cornerstone of the Nurksian doctrine of balanced 
growth is that saving creates its own demand but only if
... supply is properly distributed amongst different 
commodities in accordance with consumer wants. An increase in 
consumable output must provide a balanced diet., nach industry 
must advance along an expansion path determined by the income 
elasticity of consumer demand for its [the sector's] product. 
(Nurkse 1953, pp250-251).
The Nurksian concept allows for the fact that as tin1 economy 
develops a certain amount of change in the sectoral composition of 
o u t pu t. is a p p r opr i a le .
Hirschman (j95o ) argues for a different strategy based on the 
proposition that a shortage of decision-making ability and 
entrepreneurial talent exercises the most important constraint, on 
economic development. Under this assumption he advocates unbalanced 
development of industries that exert the strongest stimuli to investment 
in other industries. An appropriate development strategy would then be 
to create strategic imbalances which would induce easily made investment 
decisions.
Scitovsky (!9o9) has demonstrated that if economies of scale are
present and important, unbalanced growth is mo re i ikely to be
advan t ageous than balanced growth even if a.l 1 o then assumptions of
balanced growth were realistic. Moreover if the eiasticity of
substitut ion of consumption and production a r e sufficiently high, a
considurable degree of imbalance cou Id be obtained even under
assumptions not very dissimilar to those of balanced growth. If foreign 
trade is not subjected to penalties in the form of deteriorating terms
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of trade as envisaged by Nurkse (1959), imbalances in growth are not 
onJy possible but are also likely to be desirable from the viewpoint of 
comparative advantage. For example, Streeton (1959) cited technological 
advances in the textile and iron industries in eighteenth century 
England as an instance of the success of unbalanced growth. Ohlin (1959)
f ound no evidence of balance in th e successful development; of o ther
present ly advanced countries. On the other hand. Hughes (1959) found
that western countries have followed a balanced growth path which was 
the natural outcome of the 'ceaseless ebb and flow of innovativing .and 
changing factor combinations'.
Hirschman's formulation is based on a rather extreme interpretation 
of the theory of unbalanced growth and defines no limit to the desirable 
degree of imbalance. The only constraint is that the imbalance be in 
sectors with high linkage indexes. Hirschman's strategy of economic 
development was based upon bis critique of the deficiencies of Nurkse's 
(1953) well-known theory of balanced growth and he has been widely 
regarded as an advocate of unbalanced growth. But the substantial 
literature on the balanced growth contoversy has revealed many 
similarities between the two approaches. Both rely heavily on 
externalities and dynamic repercussions. Most balanced growtih strategies 
contain soma; elements of imbalance and most unbalanced strategies 
contain some elements of balance. Therefore, it should not be surprising 
that trie linkage hypothesis could be formulated both as a balanced and 
unbalanced strategy. On the basis of a desire for a limit to tire 
acceptable degree of imbalance Yotopoulos and Nugent (1973) proposed a 
balanced growth version of the linkage hypothesis. We need to weight the 
individual sector variations around the average rate of growth by the 
relative importance of the sector. The degree of imbalance is defined 
by the Pearsonian coefficient of variation as
 ^ C X l - w j ( g . - b ^  G ) 2 ] 
i = 1 1
(3.10)
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where
G - average rate of growth of a country over a given period
gj= ith sector's rate of growth
b^- Nurkse's notion of balance that correspond's t o
Chenery's income elasticity of sectoral composition.
wi= jth sector's share of national income and 1
i
in the above equation, the degree of imbalance for any economy has 
been defined in terms of the coefficient of variation of sectoral growth 
rates from the overall growth rate of the economy appropriately 
weighted. This formulation shows that the individual sector variation is 
weighted around the average rate of growth by the relative importance of 
the sector. A high degree of dispersion of sectoral growth rates around 
the overal 1 growrh ra i.e def ines a high index of imbalance.
In order to test the linkage hypothesis, we need to devise a 
measure which will indicate the extent: to which a country follows 
Hirschman's strategy of emphasizing those industries with the highest 
linkage indexes. Thus we need to replace b • in the previous equation by 
the total backward linkage index Ly • . Considering an optimum degree of 
imbalance that, also reflects the sectoral linkage, a sector j should 
grow at an overall growth rate G weighted by the total linkage index 
Ly j . For sector j, J.T ;G,: gives the expected linkage corrected growth 
rates for sector j in country i. The correcponding observed growth rate 
is G ■ ■ . Thus G:,;-LyjGj gives the deviation of the observed growth rate 
f rom
that, expected according to the linkage-corrected balanced growth 
theory. The coefficient of variation of the actual sectoral growth rates 
g- .• around the linkage-weighted overall growth rate thus measures the 
degree of imbalance relat ive to linkage balanced growth.
Tiie corresponding Index of imbalance for each sector (Yotopoulos
and Nugent., 1976) is
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where
n = number of sectors
w-j & gjj = the relative importance in
national income and growth rate 
of sector j in country i respectively
L-j’j = total (direct ami indirect) linkage index of sector j
G; = overall growth rate of country i
Note that; this is a cross-country measure. According to this 
equation, country i's growth is linkage balanced when each sectoral 
growth rate is proportional to that sector's total linkage; index. As it 
is most likely that a country's sectoral growth pattern will deviate 
from this proportionality to a different degree in different sectors, 
this equation appropriately weights this deviation by the relative 
importance of the sectors.
;
An alternative balance index is
Li £ V ( 1 S
l i= l
w. . (g. . ij ij
- b . L G . )2 ] j rj i (3 . 12)
where 1m is the income elasticity of sectoral composition.
In this version balanced growth requ i res that, the sectoral growth rate 
is proportional to both the total linkage index and to the income 
elasticity of demand. It might be said to combine elements of structural 
change from the theories of both Hirschnian and Nurkse. A high value of
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Vj ^ indicates that a countrys deviates fr.om the optimum linkage weighted 
growth proportions.
Yotopoulos and Nugent (1973) argue that international cross- 
sectional data do not support the Hirsclunan hypothesis in its extreme 
formulation - a result, that, merits the attention of policy makers. This, 
of course, does not invalidate the importance of linkages. According to 
the results obtained by Yotopoulos and Nugent, the balanced growth 
linkage hypothesis receives stronger support from the same data. 
Yotopoulos and Nugent. (1976) also argue that Hirschman's idea remains
difficult to operationalize but their formulation of the linkage
hypothesis is operational and they would be surprised if alternative 
formulations yielded results that diverged from theirs. Yotopoulos and 
Nugent admitted (1976) that the concept of linkages is still a very
powerful too) in the economics of development and their results indicate 
that linkage analysis merits further attention and empirical research.
Commenting on the Yotopoulos and Nugent test of the linkage
hypothesis. Riedel (1976) argues that the test, is invalidated by the 
fact that their index of total linkages defined as the total linkage 
index of equation 3.4 above is misspecified. Tills index represents the 
actual existing linkages in the economy if and only if all intermediate 
inputs are produced and suppliri domestically. If. as is usually the case 
especially in LOCs. a major portion of intermediate inputs is imported, 
it will be a quite erroneous measure of the existing linkages.
Riedel suggested that in an open economy which imports intermediate 
inputs, the appropriate index of linkages (direct and indirect) for the 
jth sector is
*
2 d ij 
i
* - 1where d ; j = ( I - Af-)
m-j = per unit imported inputs requirements.
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A <1 =  a ij- m i j  a , l d
m • j = per unit imported inputs 
requirements.
Yotopoulos and Nugent justify their arguments by generalizing the 
input-output relations of a few countries to many other countries 
assuming that (i-A) 1 is almost similar across countries (Yotopoulos and 
Nugent 1973). This assumption was supported by Yotopoulos and Nugent 
(1975) for LDCs and by Chenery and Watanabe (1958) for DCs. I-fe was 
demonstrated that technology across countries is similar but not the 
structure of production. It was concluded by Yotopoulos and Nugent 
(1973) that the structure of production and hence also that of linkages 
is identical for DCs and LDCs for some sectors but specific to the level 
of demand for others such as agriculture. It is not surprising to find 
that, the production of a given commodity requires relatively the same 
intermediate inputs in the same proportions in one country as it does in 
another. However, it would be surprising to learn that the proportion of 
each unit input imported or produced domestically is the same across 
countries. Therefore, there are no grounds for performing a Yotopoulos 
and Nugent type test using domestic and imported inputs instead of 
domestic inputs alone. Riedel also argues that economies of scale 
considerations might mitigate the appropriateness of the linkage 
hypothesis in a particular developing country.
3.4 Further Refinements of Linkage Measures
Another noteworthy commentary on the linkage hypothesis is that of 
Jones (1976). According to Jones, whatever the merits of their test 
structure1, the Yotopoulos and Nugent measurements of linkages share 
three failings common to all previous works, namely,
1. misspecication of direct and indirect linkages
2. confus’on between domestic and world linkages
excess!ve uggregalion.
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In the first case, Jones argues that the linkage concept is based 
on industrial interdependence and an input-output table is a natural 
place to look for linkage indicators. Hirschman himself used Chenery and 
Watanabe's industrial classification based on the shares of direct 
intermediate sales and inputs in total output. However, according to 
Jones, these measures have three deficiencies:
1. double counting of causal linkages
2. neglect of indirect impacts
3. failure to distinguish domestic effects from those operating 
on foreign economies.
Since causality is at the root of Hi rschman ' s hypothesis, using 
input-output interdependence as a proxy for linkages involves double 
counting in the sense that. in an inpu t-output framework, sales of 
industry i to industry j are recorded as i’s forward linkage and j's 
backward linkage but only one of them can be effective In the causal 
sense. Hirschman (1958) himself fully recognized this problem and termed 
his effort a 'mental experiment' in which each industry in succession is 
imagined to have been set up first, with all others following (Hirschman 
1958, pp104-105).
According to Jones (1976), interdependence may be identified with 
linkages only if the latter concept is broadened to include permissive 
and inoperative linkages as well as strict. Hirschmanian causal linkages. 
Yotopoulos and Nugent believe that the total linkage index captures 
something in the way of forward linkage effects but unfortunately the 
extent of capture is zero. Their linkage index measures direct plus 
indirect effects on supplier industries but not. on user industries 
i.e.backward but not forward linkages. The row sum of the Leontief's 
inverse does not provide a forward linkage measure symmetrical to that 
provided by the column sum for backward linkages.
Jones proposes a Symmetrien! measure of forward linkages derived 
from the 'output inverse’ which is distinct from Leontief's 'input 
inverse'. The former is has mi on technical output coefficients or in 
other words intermediate sales as a share of total sales including final
45
demand, while the latter uses a matrix of technical input coefficients 
i.e intermediate inputs as a shares of total inputs including value 
added. The output inverse is defined as follows. Let
F - intermediate input flow matrix (nxn)
X = total output flow vector (nxl)
/X/ - diagonal matrix (nxn) whose diagonal elements are those of
the X vector
I = Identity matrix
1 - unit column vector.
Then,
A - F / X / ~1
(technical coefficient matrix of Leontief)
B - /X/_1F
(output coefficient matrix)
Z = (I-A)'1
(Leon tief 's inverse)
W - (I-B)"1
(output inverse)
L*F = Bj ........... (3.13)
(direct forward linkage vector)
* »
l - = r  a
(d i r e c t. ha c k wa i • d link a ge v o c to i *)
I..F = W 1 .......... (3.14)
(direct and indirect forward linkage vector)
LB = 1' Z
(direct and indirect backward linkage vector)
The row sums of the output inverse indicate total forward linkages 
in the same way as the column sum of the Leontief inverse indicate total
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backward linkages. It is worth noting that each industry's measure of 
total backward linkage is equivalent to the weighted sum of the forward 
linkages of the supplier industries, while each measure of total forward 
linkage is a weighted sum of the user's backward linkages. In the whole 
economy, total backward linkages equal total forward linkages when both 
are weighted by the value of output i.e., X'L = L X (for proof see 
Jones 1976).
The output, weighted average of either backward or forward linkages 
can be termed the 'coefficient of interdependence' i.e, X'L / X'l. This 
coefficient, can be used for comparing the depth of industrial structure 
in time series or cross-section comparison and also enables us to 
separate 'high' and 'low' linkage industries.
Commenting on the total forward plus backward linkages, Jones says 
that, this would involve double counting of causal linkages. For an 
industry, both suppliers and users would be stimulated so that both 
forward and backward linkages would be effective. Then the total 
linkages for an industry represent maximum potential causal linkages but 
for the whole economy total linkages are twice the maximum causal 
potent, ia 1 .
The next, comment, made by Jones Is on the trade effect.. The problem 
with using the Chenery and Watanabe measure of interdependence (direct 
and indirect use of factors of production) for representing linkages is 
in their inclusion of imported as well as domestic intermediate input. 
Their study was concerned with the cross-country pattern of production 
to ascertain similarities in technology and in the intra-industy 
output mix. This method is not justified for measuring linkages since 
two countries may be similar in the sense of Chenery and Watanabe but 
may have different linkage’s as we have seen in section 3.3.
Jones proposes that, when measuring long run linkages ex ante, one 
should use ,i f; ou matrix incorporating domestic informediat es plus those 
imporred irr. ermed iat es which are domes t Leal 1 y producible within the time 
period being conside rod (sometimes referred to as competitive imports).
47
On the other hand, from the point of view of an end of period table to 
measure linkages ex post, only the domestic flows are relevant because 
induced import substitution will already have taken place. In summary, 
then, Jones put forth the following suggestions:
1. the column sum of Leontief's inverse should be used to 
measure direct plus indirect backward linkages
2. the row sum of the output inverse should be used for 
measuring direct, plus indirect forward linkages
3. except in an autarckic situation, domestic and world linkages 
are quite different.. Therefore, the appropriate flow matrix 
must be carefully chosen. Ex post studies require a domes t bc- 
mode.1 while ex ante work requires use of a flow matrix 
including domestic plus import-substitutable intermediates.
4. even with common technology domestic linkages will differ 
with comparative advantages, so that relative sectoral 
linkages vary across countries and nation-specific linkage 
indicators are required for ex post work.
In their empirical work, Yotopoulos and Nugent (1973) attempted to 
test the hypothesis that countries following Hirschman's strategy of 
unbalanced growth experience higher rates of growth than countries which 
follow the strategy of balanced growth. Countries which follow the 
Hirschman strategy are identified by the degree to which relative 
sectoral growth rates are positively correlated with a unique set of 
sectoral linkage indexes. Thus, a country whose sectoral growth rates 
are positively correlated with the indexes of sectoral linkages is said 
to comply with the Hirschman strategy. If the countries which pursue the 
Hirschman strategy also experience higher overall growth rates, this 
supports Hirschmanjan type linkage-based development.
In commenting on the Yotopoulos and Nugent test, McGilvray (1977) 
advocates that such a test of the linkage hypothesis is inadequate for 
two reasons:
1. The linkage hypothesis does not imply that key sectors will 
grow faster than other sectors. If the strategy Is 
successful, the faster growing sectors may be those which are 
most closely linked tu the key sectors, not the key sectors 
themselves. These sectors may have relatively low indexes.
2. While the strategy of Hirschman certainly implies uneven 
sectoral growth rates, the reverse argument does not apply.
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In the Hirschman sense, balanced growth implies a development 
process in which there exists ex ante equilibrium in interindustry 
supply and demand and it is quite consistent with an export based growth 
strategy in which the national and the international sectors have 
different growth rates. This lias been the experience of many developing 
countries for the last few decades. There is no necessary connection 
between the form of unbalanced growth and that implied by Hirschman-type 
linkage-based development and it is incorrect to assume that variations 
in sectoral growth rates demonstrate a linkage based development 
strategy. As Hirschman asserts.
It is the experience of unbalanced growth in the past that 
produces at an advanced stage of development, the possibility of 
balanced growth (Hirschman 1958, p93).
3.d Boucher's Formulation
Boucher (1976) in Line with Rasmussen proposes the following 
f o r mula tio n of linkag e i 1i dexes.
From the book-keeping identity X ( i —A ) = P, where X is the gross
output level requried to sustain a given vector of final demand P, X =
( T —A ) ‘P = Z P The total input requirements for a unit increase in the 
final demand for the jth sector is£z:j= Z j (sum of column elements of 
7). The increase in the output of sector i needed to cope with a unit 
increase in Lie final demand for the product of each industry isjz- • - 
Zj (sum of row elements). The vector (l/n)Z i (j = 1,2.. . .n ) is an estimate 
of the additional direct and indirect output to be supplied by an 
industry chosen at random if the final demand for the products of 
industry j (j = 1. 2,...n) increases by one unit. Similarly, (l/n)Z. is
an estimate of the increase in output to be supplied by industry i if 
the final demand for the product of an industry chosen at random 
increases by one unit. These averages are normalized to make 
inter-indusiry comparison by relat ing them to an overall average i.e..
■>
n  '
1
n Z Z 2 7., i
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Now,
W • = ---------
J I 2 Z.
n 2 j ^
W L 2 Z . 
2 - 1 n l
(j = 1.2--- n)
( i = 1,2, . . .n )
represent Hirschmaa’s total backward and forward linkages 
respect: ively.
As (l/n)Zj indicates the input requirements of sector j if the 
final demands of industry j increases by one unit, then W^>] implies 
that the industry draws heavily on other industries and conversely when 
K.;<] . Similarly, W-> j indicates that die industry will have to increase 
its output more than other industries to obtain a given increase in 
final demand from the whole system and conversely for W ;<1. Since the 
averages may be affected by extreme values, we overcome the difficulties 
by using coefficients of variation as defined before. A high value of V- 
means that a particular industry draws unilaterally on the system of 
industries and a low V-means that, an industry draws evenly from other 
sectors. The V-'s are interpreted in the same way.
Boucher argues that his backward linkage index is more refined than 
the Yotopoulos and Nugent measures since it is properly weighted . He 
aiso points out that direct and indirect forward linkages are absent 
from the Yotopoulos and Nugent index (1973). Further comments are made 
by I.aumas (1975) who points out that the unweighted index used by 
Yotopoulos and Nugent gives misleading results and on the basis of their 
results it is impossible to reject the extreme version of Hirscimian1s 
theory or to support their acceptance of the weaker form of the linkage 
hypo thesis.
50
Boucher argues that his backward linkage index is more refined than 
the Yotopoulos and Nugent, measures since it is properly weighted . He 
also points out that direct and indirect forward linkages are absent 
from the Yotopoulos and Nugent index (1973). Further comments are made 
by Laumas (1975) who points out that the unweighted index used by 
Yotopoulos and Nugent gives misleading results and on the basis of their 
results it is impossible to reject the extreme version of Hirschman's 
theory or to support their acceptance of the weaker form of the linkage 
hypothesis .
In response to various comments on their formulations, Yotopoulos
and Nugent (1973) argue that from the standpoint of research strategy.
what Cannery ami Wai.anane found to be .invariant internationally were the
mean linkage values. The variance together with other features of the
economy can be introduced better into the test, later on after the
linkage indexes have been defined and measured unambiguously. Boucher is
certainly wrong in maintaining that V - arid V ■ are the coefficients of
variation of \\ ■ and W. respectively as careful examination of the two
formula«1 will reveal. Yotopoulos and Nugent also argue that. Boucher did
not notice that Vv ; is strongly and negatively related to V . and W- with 
J J
V . in both DCs and LDCs, otherwise he would not advocate using W- and 
V;, or vv-and Vj together for ranking industries by Rasmussen-Hi rschman 
procedures. In reply to the accusation made by Riedel and Jones for 
performing invalid test by including imports of intermediate goods 
Yotopoulos and Nugent, argue that Riedel and Jones did not notice that 
Yotopoulos and Nugent linkage indexes were based on the matrix of 
domestic input coefficients.
Yotopoulos and Nugent put forth some reasons in support: of their 
linkage coefficient.. The first reason refers to the causality of 
interdependence. Although causality can be ascertained on a case by case 
basis when the test is microeconomic, it is safer to concentrate on 
backward linkage since they arc.1 more likely to be causal while forward 
linkages are I ikeiy to be permissive. This is also derived from 
Hirschman (1953) who pointed out that from the viewpoint of the stimulus 
provided to investment decisions in other industries, increased demand
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for intermediate inputs (backward linkage) is more effective than 
increased supply of inputs (forward linkage). The second reason relates 
to the fact that inclusion of indirect backward linkage and indirect 
forward linkages involves double counting. Thirdly, if Yotopoulos and 
Nugent incorporated indirect forward linkage (as suggested by Jones 
(1976, PP 327-29) measurement error would be .introduced and this in turn 
would prejudice the results because sectoral compositions of output and 
final demand vary significantly from country to country. Moreover, for 
testing the linkage hypothesis a robust linkage index is needed which 
can be employed in countries for which input-output, tables are not 
available in a suitable form and such an index has to be based on 
characteristics that are invariant among countries. Yotopoulos and 
Nugent argue that the direct and indirect backward linkage index
cap lures not only backward but. also some of forward 1inkages. Since,
(I-A)_1 = I-A-A2-.. . the multiplication of A involves forward 1 inkage
to the extent t hat going backward ad infinitum in a closed sys tern
captures t he f o rward a s pect.
However, Jones is correct as the Yotopoulos and Nugent linkage 
index does not provide a specific quantification of forward linkages. 
Their .index gives effects on supplier industries but not user industries 
or, in other words, it indicates in backward and not forward flows.
3.6 Recent Approaches
More recently there have been attempts at measurement of linkages 
based on the output approach and the hypothetical extraction approach. 
The output approach discussed above was originally developed by 
Augustinovics (1970) as a method of structural analysis, and has been 
extended by BuJmer-Thomas (1982).
In the output approach developed by Bulmer-Thomas, we consider a 
social accounting matrix (SAM) distinguishing production accounts for 
each of n industries and in which all other accounts are consolidated 
into one. F is t be? matrix of interindustry flows, the vector P includes 
all finai output and y is the row vector of the unique primary input, 
and vector X is the vector of gross industrial output (including 
transactions internal to each industry).
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Two m o d e l s  c m  h e  a s s o c i a t e d  w i t h  t h i s  s y s t e m .  T h e  f i r s t  m o d e ]  i s  
t h e  L e o n t i e f  mo d e l  b a s e d  on t h e  i n p u t  c o e f f i c i e n t  m a t r i x  i , e . .
X ~ ' ‘ |J AX ' p = ( f ‘ A) 1 '■ p w h e r e  A = F X . i i s  a u n i t
A
v e c t o r .  X i s  a d i a g o n a l  m a t r i x .
T n e  s e c o n d  m o d e l  i s  a n  a l l o c a t i o n  m o d e l  b a s e d  on  t h e  o u t p u t  
c o e f f i c i e n t  ma t: r  i x R ;
/  . /  / /  /
X = i F + y = X B  + y
/  - 1 _  /  A " 1 _  i
=  y ( I -  B ) =  y W w h e r e  B = X F a n d  W = ( I - B )
I n  t h e  f i r s t  m o d e l ,  g r o s s  p r o d u c t  l e v e l s  d e p e n d  on  f i n a l  d e m a n d  v i a  
f i x e d  i n p u t  c o e f f i c i e n t s ,  b u t  i n  t h e  s e c o n d  m o d e l ,  t h e y  d e p e n d  on 
p r i m a r y  i n p u t s  v i a  f i x e d  o u t p u t  c o e f f i c i e n t s .  I n  t h e  f i r s t  m o d e l  z — 
m e a n s  t h e  i n c r e a s e  i n  g r o s s  o u t p u t  o f  i n d u s t r y  i r e q u i r e d  t o  s u p p o r t  a 
u n i t  i n c r e a s e  i n  t h e  f i n a l  o u t p u t  o f  i n d u s t r y  j .  B u t  i n t h e  s e c o n d  
m o d e l  W; j  i n d i c a t e s  t h e  i n c r e a s e  i n  o u t p u t  o f  t h e  j t h  i n d u s t r y  r e q u i r e d  
t o  u t i l i z e  t h e  i n c r e a s e d  o u t p u t  b r o u g h t  a b o u t  b y  a u n i t  o f  p r i m a r y  i n p u t  
i n t o  t h e  j t h  i n d u s t r y .  S y m b o l i c a l l y .
Wi j 9 / 3 y i
3 u 1m e r - T h o m a s  p r o p o s e s  t h e  r o w  sum o f  t h e  a l l o c a t i o n  i n v e r s e  m a t r i x  w a s  
a m e a s u r e  o f  f o r w a r d  l i n k a g e s .
C e l i a  ( j 9 8 4 )  h a s  c o m m e n t e d  on t h e  o u t p u t  a p p r o a c h . H i s  p o i n t  i s  
t h a t  t h e  a b o v e  p a r t i a l  d e r i v a t i v e  i s  i n c o n s i s t e n t  w i t h  t h e  a s s u m p t i o n  o f  
c o n s t a n t  i n p u t ,  c o e f f i c i e n t s  r e q u i r e d  t o  g i v e  t h e  u s u a l  m e a n i n g - t o  t h e  
e l e m e n t s  o f  7. .  S o ,  t h e  m e a s u r e s  o f  b a c k w a r d  a n d  f o r w a r d  l i n k a g e s  i n  
o u t . p u t  a p p r o a c h  c a n n o t  b e  c o m b i n e d  t o  g i v e  a s a t i s f a c t o r y  m e a s u r e  o f  
t o t a l  l i n k a g e s .
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3.7 The Hypothetical Extraction Method
In inis approach Schultz (1973) tries to identify key sectors 
without evaluating the two types of linkages separately. He uses a 
quantitative magnitude that can be considered as an improvement in the 
valuation of total linkages for measuring the importance of different 
industries. This can be considered as an improvement in the valuation of 
total linkages. From Leontief's matrix, the column and row referring to 
the jth industry are suppressed and a reduced matrix of order n-1 is 
obtained. The n-1 industries other than the jth industry are considered. 
Their actual levels of production are considered and compared with the 
hypothetical levels they would have reached if Leontief's matrix were 
employed. The differences between the two are summed up and considered 
as a measure of total linkages or the total effect of industry j on the 
res i o f t.he ecoriomy .
The main drawback in this approach is that backward and forward 
linkages are not distinctly evaluated. It underestimates the level of 
total linkages and as a result it does not supply a fully convincing 
evaluation. The explanation of this point is given later on in this 
section.
Celia (1984) claims that the method proposed by him seems to 
provide a more satisfactory technique than those so far developed. His 
method starts by appropriately defining the total linkage effect of 
industry j and then identifies its two components backward and forward 
linkages. A definiton of total linkages exerted by industry j can be 
given by sharpening up the approach of Schultz. Consider the actual 
pattern of output and compare it with the hypothetical pattern that 
would occur if - other things being equal - industry j were not to sell 
or buy any intermediate inputs to or from all other domestic industries. 
If technology and final demand are held constant, this implLes that ail 
industry j's intermediate requirements are imported and all intermediate 
sales by industry j to other domestic industries are also imported (in 
the hypothetical case).
The differences between the two output, levels of the above
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mentioned situations indicate the shares of the n commodities that can 
be imputed to the intermediate functions of industry j, i.e. its total 
effect. Let us consider the linkage effect exerted by a 'sector' 
consisting of m. industries on the remaining m0 (m.,+ n\p= n) industries 
of the economy. The results can be applied to a single industry j by 
assuming m,= 1. The total linkage (TL) for any sector is TL = i; (X - X) 
where X is calculated on the assumpt ion of no intermediate relation 
between m, and remaining \x\9 industries. We nave the flow equations:
<xIIX  ^ P, = Zu P,
XI II > X2 + P2 722 p2
w'nere X. A and p have the same meaning as in Buimer
output approach.
So, the total linkage index i s
TL - / / i X - 1 7„ p, - Z M  I’’.
using <1I!C~K -I
-Thomas
For decomposing total linkages into backward and
f o rward components Ce11a ha s shown (Celia. 1984) tha r
Total linkage = i ' [ ( H - Z u ) * Z 22 A 21 K ) Pi
i [  H A  12 £  2 2  ~  7  22 A  21 11 A  12 Z  22  i P  2
where H is the matrix obtained by partitioning as
H = ( r - A - A 7. A )1 • 11 12 22 21
- Backward linkage + Forward 1inKuge 
or TL = 8L t FL
This tiocompos i { ion depends on the technical coeff icient in the lull 
matrix A and on the vector of final outputs P. It should be noted that 
since H ami 7 are non-singular matrices then, for non-zero p and p . BL
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= 0 iff A = 0 (no intermediate purchase by sector 1) and FL = 0 iff A =
12
0 ( no intermediate supply by sector 1).
/Observe that i ( H Z A H )p is identical to the measure currently
22 21 1
used for backward linkages and represents total backward (direct and 
indirect) input requirements to support final output p of sector 1. From 
this the scalar \ Z Pj is subtracted. This scalar involves both final 
production p and that share of sector 1 output which is due to
iron suetions pure 1y internal to the sec tor. They do not rely on the
purchasing action of sector 1 and cannot logical 1y be included i n
linkage measures with sector 2.
ihe first, term in FL is the gross output of sector 1 required to 
support the final output of sector 2, while the second term is the 
feedback of this gross output, on to sector 2. Total linkages and their 
components are expressed in terms of all n commodities. By substituting 
any vector of primary inputs for i the linkages can be expressed in 
terms of that primary input.
Ceila argues that his proposed method of linkage measurement, can be 
a useful tool for planning and has the following characteristics:
i. It is based on a consistent input-output model of the economy 
with a fixed set of technical coefficients
lS decompose r> 1e into additive components measuring 
Backward and Forward linkages
3 - if excludes feedback process which are purely internal to the 
selected industry.
Bin this method, as Celia himself admitted, is not independent of 
units of measurement. It is also not independent of (.he particular 
industrial classification used in the input-output matrix from which.it 
is calculated. Thus, it shares some of the difficulties of arriving at 
meaningful comparisons between countries or between regions or over 
Lime.
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3.8 Schultz's Triangulation
One significant procedure for ranking economic sectors according to 
their position in the system of intersectoral flows is the tool of 
triangulat.ion according to Schultz (Schultz 1973). In this procedure a 
continuous ranking of economic sectors is involved until a prescribed 
target function has been achieved. Starting from a tansact.ion matrix an 
attempt is made to maximise the sum of economic interrelations on one 
side of the main diagonal and to minimise the sum of those on the other 
side. Between two sectors the one with the positive balance in flows is 
assigned the higher position in the desired hierarchy. Theoretically, 
the transaction matrix resembles a triangle and dependencies of the 
sectors are totally linear. In reality there always exist circular 
flows. According to Hemstadter (1965), the degree of linearity or 
circularity can also be taken as a measure of any economy's development, 
stage. In the triangulation of the transaction matrices a quantitative 
measure and ranking of sectors on an economic dependency basis is 
obtained and in the hierarchy of sectors it is evident which one 
occupies the central position in the production process. This way, such 
ranking of sectors empirically determined by the degree of mutual 
dependency can be taken as an indicator for indentifying key sectors.
3.9 Hamilton's Fixed Capital Approach
Hamilton (1985) put forth a new approach to the linkage hypothesis 
attacking the previous development by the fact that none of the previous 
approaches paid due attention to fixed capital. Fixed capital-producing 
sectors are vital in the development process. In addition, the existing 
linkage indexes do not give due weight to the sectors which employ 
capital-intensive production process. According to Hamilton, if the 
national policy makers base their investment allocation and incentive 
system on the existing biased linkages then the sectors which, are 
heavily capital-intensive and those which produce capital goods will be 
underraled.
According to Hamilton, the index of direct backward linkages
including fixed capital should be computed as follows:
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L j= J [ A* + DxF* 1 where 
.! = unit row vector
A*= matrix of domestic plus competitively imported input 
coeffic ients.
(matrix of average capita1-output coeffecients 
including competitive imported capital goods).
K*•= matrix of capital stock (domestic and 
cope t i tively-imported)
^ - matrix formed by diagonal .i sing output vector X
D = matrix of depreciation coeffecients wnere
d .. is the annual depreciation rate of capital 
good i in the industry j.
The operator x denotes element by element multiplication.
Humi 1 ton's total (direct and indirect) backward linkage 
incorporating fixed capital is given by
L = J'(I - A* - DxB*)~1 b t
*  * _  ■]An element, of the matrix ( I-A - DxE ) is the increase in output 
(domestic and compet.it.ive imports) of industry i needed to supply the 
intermediate and capitai inputs used in producing an extra unit of final 
d e ma n ci in i n du s t r y j .
Hamilton’s direct forward linkage index with fixed capital is as 
foJlows:
L = Q J = ^ “ C J f d
/ \ - 1where Q - X C and the matrix C represents domestic 
intermediate inputs plus domestic sectoral replacement 
investment by type of capital good.
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The total (direct and indirect) forward linkage index is 
- row sum of G where
G = (I - Q)
In his analysis of the South Korean economy Hamilton (1985) found 
that the inclusion of fixed capital in the calculation of linkage 
indexes significantly changed the ordering of key sectors. Hamilton 
concludes that if a planner fails to include fixed capital in the 
calculation of linkage indexes and the planning ministry directed 
investment into sectors on the basis of inter-sectoral linkages, then 
the capital-goods using and capital-goods-producing sectors and sectors 
which sell a large part of their output to the latter would suffer. One 
empirical problem with Hamilton's analysis is the assumption of
identical depreciation rates across sectors.
The rates of depreciation will vary for different assets in 
different sectors. Also the construction of an accurate capital 
coefficient matrix is difficult and figures for developing countries in 
pa r t i c u 1 a r mu s t be s u s pec t e d .
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3.10 Conclusion
Recent, writers who in various ways consider the Rasmussen method 
appropriate to linkage measurement include Hazari (1970), Krishnamurty 
— 975), Taumas (1976) and Boucher (1976). McGilvray (1977) accepts the 
Rasmussen method but deprecates the tendency to impoverish Hirschman's 
unbalanced growth strategy into a me re measurement of linkages.
Reviewing all the above-mentioned propositions, counter- 
propositions and refinements we have conn? to the conclusions that for 
calculating backward linkage effects we shall stick to the traditional 
input, approach because backward linkages are related to demand pressures 
of input requirements. But for forward linkage we consider the output 
approach to be more appropriate because forward linkages occur via 
supplies of output. It is not appropriate
to investigate what happens to an industry if all industries expand 
by identical unit increments. Forward linkages obtained by Leontief' s 
inverse seems to show that the greater the row sum, the greater the 
direct and indirect usage of industry's output as inputs to other 
industries anil seems to he a reasonable measure of forward linkage. But. 
causal inspection of data for any model cancels this attitude. The 
output approach gives the impact on user industries. It. starts at the 
beginning of the production process and looks at the effect through the 
system while the input, inverse starts at the end of a production process 
with an increase in final demand and finds out the effect backward 
through the syst em. The output approach examines what wi i 1 come out of 
something in successive stages or in final use. It relates gross 
production to primary inputs, to the value unit which enters the 
interindustry system of the start of process. Augustinovics (1970) has 
proved that the concept of double counting in gross production is fully 
eliminated if the output approach is used for forward linkage and she 
has also shown that the output approach indicates the distribution of 
the unit of primary inputs among final uses.
One of the most fruitful consequences of planning can be the 
exploitation of potential gains which might otherwise escape. The impact
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of major or expanding industries should be spread as widely as possible. 
Development planning must begin not so much by projecting consumers' 
demands but by seeking the most fruitful production possibilities. 
Sectoral output coordination is one of the principal advantages to be 
had from introducing planning imperfect market to supplement the 
unguided development, of the economy. Investments designed to exploit 
industrial interrelations can be important sources of growth. Instead of 
simply being a budget statement as it is now in Bangladesh, the plan 
needs to be an instrument for achieving an efficient allocation of 
limited resources not. only between projects wthin a sector but also 
between sectors. The quantitative measures of industrial interrelations 
as well as their interpretations and policy implications for the 
Bangladesh economy are presented in the next chapter.
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CHAPTER 4
LINKAGE INDEXES IN THE BANGLADESH ECONOMY
Before presenting and discussing the results of the calculations of 
linkage indexes, it is necessary to make a few points about the 
construction of the input-output table employed.
4.1 The Flow Matrix
Trie in put-out put table used in the present study contains the 
actual input-output coefficients of a particular year (1976-77) and not 
the i ncremen ta 1 coefficients related to any planned period. Considering 
the comparatively normal economic conditions and the availability of 
statist leal da La, 1 976 77 was chosen for the construction of the 
input-output matrix. For the purpose of this study, the Bangladesh 
economy was classified into 47 production sectors of which 9 are in 
agriculture, 21 in industry, 6 in construction and 3 in the energy 
field. The original flow matrix contains 76 sectors. Aggregation was 
necessary to make the analysis manageable.
The transaction da fa can he either at producers' price or at. 
consumers' price. Producers' prices are given by the basic values of 
goods and services used up plus indirect taxes minus subsidies, while 
consumers' prices are equivalent to producers' prices plus trade and 
transport margins. As there was no adequate information on the trade 
and transport cost of inputs, the market or consumers' prices have been 
used for valuation of transactions in the present input-output table. In 
these transactions nach industry is assumed to pay the trade and 
transport costs on all of sales of output. Exports have been valued at. 
f.o.b. market prices. To value the imports at market prices an 'import 
conversion factor' lias been estimated which accounts for c.i.f. prices,
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import duty and transport and trade margins on imports. The gross output 
of a sector is defined as the total value (at market prices) of goods 
and services produced by that sector. The values of the intermediate 
inputs are shown as the values of the amounts actually used up in the 
production process during 1976-77. Goods produced and held as stocks are 
not included as current inputs. Goods purchased in a previous period, 
held as stocks and used for production in 1976-77 are counted as current 
inputs.
There are two approaches to obtaining a picture of inter-industry 
flows in an input-output table. The first approach involves distributing 
the output of each sector to all other production sectors and final 
demand categories. The second approach is to fill out the columns of 
the table from the cost data. AI t email vely, we can s.ay that, it is 
possible to analyse either the sales pattern of an industry or its cost 
structure. For the present input-output table, the cost, structure 
approach was adopted.
The treatment of imports in the input-output table may be more or 
less detailed depending on: (1) the share of imports in total supplies 
(domestic production and imports) and (2) the availability of import 
data by type and destination ( i.e. their use as intermediate inputs as 
well as for consumption and investment). If the share of imports in 
total supplies is significant, it would be useful to have a breakdown of 
intermediate inputs into their imported and domestic components. This 
would necessitate construction of a separate import matrix. In 
Bangladesh, imports constituted about. 16 per cent, of the total supply 
(domestic production and imports) of goods and services in 1976-77. 
However, no detailed statistics of imports by type and by use in the 
production process and in final demand is available. Instead of 
constructing a separate import, matrix, all Imports have been classified 
into 47 sectors and then combined with the corresponding domestic 
production. Total supplies thus obtained have been allocated to the 
various production sectors and the final demand categories without 
specifying the origin (domestic or imported) of the commodities received 
by each sector. This treatment does not tell us the import content of
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the input structure of a particular sector. In this system imports of 
any sector arc proportional to domestic output of that sector.
Two basic assumptions were made:
1. The homogeneity assumption which requires that each sector 
produces a single output with a single input structure.
2. The proper t.i onai i tv assumption which requires that the inputs 
in each sector are a linear function only of the level of 
output of that sector. 1 n other words, the amount of each 
kind of input absorbed by any particular sector varies in 
direct proportion to that sector's total output.
4.2 Backward Linkage Results
We first, present the calculated backward linkage indexes, then the 
forward linkage indexes followed by indexes for power and sensitivity of 
dispersion and coefficient of variation as discussed in Chapter 3. The 
calculated backward linkages for 1976-77 are presented in Table 4.1. 
They are calculated using the equations 3.1 and 3.3.
Table 4-1: Direct and Total Backward Linkage Indexes
Sec tors Direct 
backward 
1inkage 
index 
DBL
Rank 
by DBL
To t.al 
backward 
1inkage 
index 
TBL
Rank 
by TBL
I . R j ce 0.21 40 1.40 39
2. Whea t 0.29 33 1.65 34
2 Ju te 0.31 32 1.56 35
4 . Cotton 0.51 27 1.96 29
5 . Tea 0.32 31 2.07 28
6 . Other crops 0.27 35 1.44 37
7 . Livestock 0.23 38 1. 15 43 "
8 . F i sheries 0.25 36 1.46 36
9 . Fores try 0.11 43 1 . 11 46
10. Sugar 0.68 19 2.09 •— c /
11. Edible oil 0.78 8 2.26 16
12 . Salt 0.21 39 1.35 41
13 . Tobacco Products 0.44 28 1.86 30
14 . Other food 0.66 20 2.27 15
15 . Cotton yarn 0.78 9 2.75 12
16. Cloth: Millmade 0.77 10 3.13 4
1 7 . Cl o f.h : Kami 1 oom 0.74 15 2.75 13
18 . Jute Textile 0.76 12 2.77 9
; 9. Paper 0.69 18 2.85 8
20 . Lea filer 0.81 6 2.41 20
2 3 . Fort: j i i r 0.59 23 2.29 24
22 . Pharmaceut ica1s 0.69 17 2.56 18
23 . Other Chemicals 0.77 11 2.36 21
24 . Cement 0.76 13 2.75 14
25.. Basic metals 0.61 21 2.53 1 7
26. Metal products 0.53 26 2.30 23
27 . Machinery 0.60 22 2.42 19
28 . Transport equipment 0.53 25 2.12 26
29 Wood 0.57 24 1 . 78 32
30 . Mis c .industries 0.70 16 3.01 7
31 . Urhan-nousebu jIding 0.86 4 3.22 3
32 . Rural-HousebuiIding 0.88 2 2.76 10
33 . Non-res iden . bn j .1 d i ng 0.86 3 3.30 2
34 . Construe. Elec.& Gas 0.82 5 3.10 5
35 . Construe. Transport. 0.79 7 2.76 11
36 . Other Construction 0.42 29 2.19 25
37 . Petroleum products 0.97 1 6.20 1
38 . Electricity 0.75 14 3.10 6
39 . Gas 0.10 44 1 . 34 44
40 . Transport Service 0.23 37 1.67 33
41 . Trade Service 0.08 45 1.26 42
4 2 . Housing Service 0.13 42 1 . 38 40
4 3 . Health 0.39 30 2.35 22
44 . Education 0.05 46 1.11 45
45 . Pub j i c Adm inis t ra t. i on 0.28 34 1 . 79 31
46 . Banking and Insurance 0.16 41 1 . 43 38
47 . 0 tiier Services 0.01 47 1 . 05 47
65
We observe from Table 4.1 that sectors like rice, wheat, jute and 
others belonging to agriculture in general have very low rankings with 
respect to backward linkages. Obviously, these sector's have very low 
input, dependence as compared to other sectors of the economy. However, 
agro-based industries such as edible oil fails in the first quart!ie of 
ranking by direct backward lingkage. The first quart, ile (with high 
backward linkages) is largely occupied by manufacturing industries, 
housebuilding, and constructions for the electricity, gas and transport 
industries. These sectors depend heavily on input supplies from other 
sectors and among them petroleum products has the highest input 
dependence - the major part of its inputs comes from its own supplies 
according to the matrix of technical coefficients. Each of the five 
sectors - rice, wheat, jute, cotton and tea - includes growing, 
harvesting and processing. The processing of these crops is done by the 
agriculturists themselves. The sectors with low backward linkage indexes 
are concentrated among the service sectors since these have a very high 
labour component: in its production.
Considering total backward linkages we can say that some of the 
sectors belonging to the first quart lie of ranking by direct backward 
linkage improved their rank orderings (by TBI.) which indicates their 
dependence on indirect inputs. Among such sectors are urban- 
housebuilding, non-res ident ia .1 building, cloth (hand loom and millmade) 
and jute textiles. The most remarkable indirect input dependence is 
exhibited by cloth (millmade)- This sector includes spinning of silk, 
rayon, synthetic yarn and manufacturing of all types of clothes. On the 
other hand, the least indirect input dependence is exhibited by 
rural-housebuiIding. Tins sector is heavily dependent on direct input 
supplies most of which come from the basic metal sector.
It will he more informative if we consider the results for backward 
and forward linkages together. We therefore postpone the detailed 
discussion of the above results until after the presentation of forward
I i nkago .1 ndexos .
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4.3 Forward Linkage Results
Forward linkages provide an indication of the direction of supply. 
High coefficients will typically indicate those sectors which produce 
relatively more for intermediate demand than other sectors. The 
structure of linkages from the supply side of the Bangladesh economy are 
presented in Table 4.2 where the coefficients have been calculated by 
using equations 3.13 and 3.14.
Table 4-2: Direct: and Total Forward Linkages Indexes
Sectors DFL Rank Rank
by
DFL
TFL by
TFL
1. R i ce .16 23 1 .35 20
2 . Wheat . 22 20 1.24 23
'> Jute . 55 15 1 .73 16
4 . Cotton .90 11 2.91 7
5 . Tea .00 43 1.00 43
6 . Other crops .94 5 2.75 8
7 . Lives lock . 91 10 2.60 9
8 . Fisher ies .00 44 1.00 44
9 . Forestry .92 9 2.13 13
10. Sugar .09 32 1.09 33
11 . Edible oil . 1.1 31 1.21 29
12 Sa 11 .04 36 1.07 36
13 . Tobacco products .00 45 1.00 45
14 . Other food .00 41 1.01 42
15 . Cotton yarn . 73 13 1.87 15
16. Cloth: Millmade . 15 26 1 . 27 25
17 . Cloth: hand loom .02 39 1.03 38
18 . Jute textile 29 1.28 24
19. Paper . 29 18 1 . 54 18
20 . Leather . 14 27 1 . 17 30
o - Fer t. i I i ser . 17 22 1 . 30 22
22 . PharmaceuticaIs . 12 30 1 . 14 31
23. Other chemicals . 92 8 3.28 6
24 . Ceinen! . 80 12 2.31 11
25 . Basic metals .95 4 5.28 3
26 . Metal products .92 7 2.53 10
2.7 . Machinery . 70 14 2.26 I 2
28. Transport equipment .21 21 1.31 21
29 . Wood . 26 1 9 1.29 23
30 . Mi sc.industries .97 2 4.90 4
31 . Urban housebu!iding . 04 37 1.04 37
32 . Rural housebuilding .08 33 1.08 35
Non-resident.bui1ding . 05 35 1.10 32
34 . Construe:elect.and gas .06 34 1.08 34
35 Construe: Transport . 00 42 1.02 40
36 . Other construction .03 38 1.03 39
37 . Petroleum products .96 O 6.83 1
38. Electricity .32 17 1.63 17
39 ., Gas . 15 24 1 . 26 26
40 . Transport services .93 6 3.57 5
41 . Trade servics . 98 1 5.63 2
42 . Housing services .00 46 1 .00 46
43 ,. Hea1th . 01 40 1.02 41
44 . Education .00 47 1.00 47
45 Public administration . 15 25 1 . 26 27
46 . Banking and insurance . 13 28 1.46 19
47 Other Services .43 16 1.95 14
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We observe in Table 4.2 that agricultural sectors such as jute, 
cotton, other crops, livestock and forestry which have very low rankings 
by backward linkages have higher rankings by forward linkages. Except 
for jute, ail of them fall in the first quart!le of rank orderings. Jute 
has a relatively lower linkage index than the others because a major 
part of it. goes to final demand as exports. The highest ranking sector 
by direct forward linkage is the trade sector which supplies trade 
services to all other sectors as intermediate inputs. Among 
manufacturing sectors, other chemicals, cement, basic metal, metal 
products and iniscel1aneous industries have relatively higher rankings by 
forward linkages than that by backward linkages. These sectors 
manufacture principally for intermediate supplies. The basic metals 
sector supplies its entire product as intermediate goods to metal 
products, machinery, transport equipment and the six construction 
sectors. One remarkable feature is that the petroleum products sector 
has first ranking for both forward and total backward linkages. This 
sector together with electricity supplies the fuel requirements of all 
sectors. The education sector has the lowest rank ordering by both 
backward and forward linkages as one would expect in a sector' which is 
very labour-intensive in production and which supplies all of its output 
to final consumers. The metal products and machinery sectors draw 
special attention because of their high forward linkage. This is 
contrary to the results of Yotopoulos and Nugent (1973). The reason is 
related to whether the products of these sectors are mostly capital 
goods, in which case they are treated as final demand, or intermediate 
goods.
4.4 Discussion of Results
We have combined the results of the calculations of total forward 
and backward linkage indexes in Table 4.3. The industries are classified 
as high and low depending on whether their indexes are above or below 
the average value of the whole economy.
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Table 4-3: Classification of Industries According to High
and Low Total Backward and Forward Linkages
Low backward High backward
TBL TFL TBL TFL
T IT
Rice ! . 40 1 . 35 Leather 2.4 1 1.17
Wheat 1 . 65 l . 24 Cloth: mi 11made 3.12 1 . 27
L Tea 2 . 07 1 . 00 Cl ot.h : hand 1 oom 2.75 1.03
o Fisheries 1 . 46 1.00 P h a r m aceuticaIs 2.56 1 . 14
w Sugar 2 . 09 1 .09 Con s t r :e 1e c .& ga s 3.10 1 . Go"
Edible oil 2 . 26 1.21 C o n s t r :T r ansport 2.76 1 . 02
Other foods 2 . 27 1 . 01 Paper 2.85 1.54
f Sal t 1 . 35 1.07 U r b a n - h o u s e b u j I d i n g 3.22 1.04
0 Tonacco products 1 .86 1 . 00 Rural-housebu.i Iding 2.76 1.08
r Wood L.73 1.29 Non-res i d e a .buiIding 3.30 1 . 10
w Fer tillzer 2 . 29 J . 30 Jute Textile 2.77 1.28
a T r ansport equip. 2 . 12 1.31
r Bank & insurance i. 43 1 . 46
d Public admin ist. 1 . 79 1 . 26
Other construct. 2 . 19 1.03
Gas 1 . 39 1 . 26
Housing service 1 . 38 1 . 00
Health 2 . 35 1 . 02
Education 1 . 1 1 1 . 00
H I  TV
H Jute 1 . 56 1 . 73 Cotton yarn 2.75 1.87
i Cotton 1.. 96 o . 91 M i s c .indus1r :es 3.0 i 4.90
g Other crops 1 . 44 2 . 75 Per r o .products 6.20 6.83
h Livestock . ' 5 . 60 HI ec tricity 3.1 0 1.63
Forestry 1 . 1 1 2 . 13 Cement 2.75 2.31
f Other services 1. 05 i. 95 Other chemicals 2.75 3.23
o Metal Products o . 30 2 . 53 Basic metals 2.58 5.28
r Trade services .1. 26 5 . 63 Machinery 2.42 2.26
w Tansport service 1 . 26 3 .57
a
(3
We observe in Table 4.3 that industries in quadrants IT and IV have 
high backward linkages. These industries rely heavily on other 
industries which provide them with intermediate inputs and can be termed 
secondary production sectors. Similarly, sectors in quadrants 1 and III 
have low backward linkages and can be termed primary sectors. The 
primary input content of these sectors tends to be high. Other things
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being equal, an expansion of output in sectors in quadrant IT and IV 
will have a greater impact on the economy than output expansion in other 
sectors. Sectors in quadrants ITT and IV with high forward linkages 
will be affected more by a change in overall economic activity than 
those sectors in quadrants I and II. If we consider industries in 
quadrant IV where both backward and forward linkages are higher than the 
overall economywide figure, they will play the most prominent role in 
the sense that, these sectors are more responsive than others to change 
in economic activity of the whole economy as well as exerting more 
impact on the rest of the economy. These are key sectors in the 
Bangladesh economy and should, on this criterion, figure prominantTy in 
d e v e 1 o p m e n t p I a n s .
The sectors of quadrant I have low backward and forward linkages 
which indicate that these sectors are relatively less dependent on other 
sectors for their input requirements and for the disposition of their 
products. These sectors have more direct links between final demand and 
primary factors of production. Five of them belong to agriculture. The 
others tend to be labour-intensive services or manufacturing activities 
which produce consumer goods.
The linkage coefficients help us to identify sectors - due to their 
important position in the interindustry network - which are significant 
for initiating or distributing growth impulses. The linkages induced by 
input demand and those induced by output supply generate growth impulses 
that are transmitted from one sector to others. Linkages will ensure 
growth impulses if the size of demand and supply pressures induced by 
linkages is large enough to correspond to the minimum economic size so 
that the expansion activity is viable. Realisation of linkages for 
domestic production depends on the level and structure of final demand. 
A non-primary activity having high backward linkages is expected to 
induce attempts to supply its inputs through additional domestic 
production. Similarly, a non-primary activity having high forward 
linkages may induce attempts to utilize its outputs as inputs into new 
activities. As derived demand is more likely to stimulate investment 
decisions than induced supply, Hirscnman's strategy assigns top priority
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to sectors in quadrant IV. Second priority goes to quadrant II, third 
priority to quadrant TTI and the lowest priority to quadrant I. This is 
contrary to the development strategy of "agriculture first" which is 
advocated by some. Sectors belonging to agriculture in general have low 
backward linkages but backward linkages will be higher the more 
agricultural sectors are equipped with modern technology. By definition, 
backward linkages are low in primary sectors as intermediate inputs are 
few. Low forward linkages indicate lack of processing.
Table 4-4 : Rank Correlation Ma trix
DBL DFL TBL TFT, 11 u V V
j i j 1
OBL 1 .259 .949 * . 203 . 913* . 051 -.611 -.098
nr i. 1 325 . 978* . 1 93 . 938* - . 098 -.965*
TBL 1 . 122 . 886* . 161 -.815* - . 089
TFT, ,j . 222 . 917* - . 099 -.986*
U 1 .161 -.776* -.088
j
U 1 -. 088 -.886*
* values significant at 1 percent level
Note : Uj = Power of D 1 spurs i on . U ■ = Sens i t i v 1 t.y of Di spurs i on 
and V; and V- are coefficients of variation
The analysis of correlations between different rank orderings can 
give a better picture of the interactions in the structure of linkages. 
Spearman's rank correlation coefficients between different linkage 
indexes ar(: present ed in Tab1e 4.4.
Observe in Table 4.4 that the rank correlation between direct 
forward and backward linkages is .259 which is positive and very low and
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this in turn implies that in general sectors having large dependence on 
other sectors for inputs are not large input suppliers to other sectors 
and their products largely go to final demands. The rank correlation 
between total backward and forward linkages is 0.122 which reinforces 
this conclusion. These results recall Hirschman's argument (Hirschman 
1958, pp98-119) that one should favour the use of backward linkages, 
with indirect effects included, since development strategy can more
effectively rely on the stimulus that an industry provides to others by 
using intermediate inputs than on the stimulus provided by the mere 
availability of the products that can be used as inputs by other 
sectors. As we would expect, linkage coefficients based on direct'flows 
have a strong correlation with total linkage coefficients based on
direct and indirect input dependencies.
Hirschman (1958) suggested that ideal y we should start investing in 
those industries which are capable of generating induced investment in 
both forward and backward directions. Selection of industries on the 
basis of this argument differs from those selected on the basis of
Rasmussen's power and sensitivity of dispersion and the comparison 
between the two will be discussed later on in this chapter.
4.5 Power and Sensitivity of Dispersion
A sector having weak linkages per unit of output may account for a 
significant share of total production. Thus, we need to consider the 
sectoral composition of total production. Total production effects can 
be taken into account by the use of Leontief’s inverse. But we need a 
measure of the effects of increased output in one sector related to 
those of all sectors. This is provided by Rasmussen's power of
dispersion discussed in Chapter 3. Power of dispersion describes the 
relative extent to which an increase in final demand for the products of
industry j is dispersed throughout the whole system of industries.
Rasmussen (1958, pi 33) interprets this index 'as an estimate of the 
direct and indirect increase in output to be supplied by an industry
chosen at random if final demand for the products of industry j
increases by one unit'. In other words, this index expresses the extent 
of expansion in the system of industries in general by an expansion of
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the industry j. It measures the total linkage effect of industry j on 
ail other industries. We also need a measure which expresses the extent 
to which industry i is affected by an expansion of the whole system of 
industries. This is provided by Rasmussen's sensitivity of dispersion. 
This index tells us the direct and indirect inducements which industry i 
receives from others. The calculated results of these indexes obtained 
by using equations 3.5 and 3.7 respectively are presented in Table 4.5.
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Table 4-5: Power and Sensitivity of Dispersion
Sectors Power of
dispens Lon
U
j
Rank 
by Ü
J
Sensitiv!ty 
of dispersion
U
i
Rank 
by U
1 . R ice .57 38 .55 20
2 . When l .67 34 .50 28
3 . Jute .63 35 . 70 16
4 . Cotton .80 30 1 . 19 8
5. Tea .84 29 .41 43
6. Other crops .59 37 1. 12 7
7 . L Lvestock . 54 1.06 9
F i sher i es . 60 36 .41 44
9 . Forestry .48 45 .87 13
10 . Suga r . 85 28 .44 33
11 . Edible oil . 92 25 .49 29
12 . So i t . 55 40 .44 36
1 3 . Tobacco products . 76 31 .40 45
j 4 . 0 tin er food . 92 24 .41 42
1.5 . Cotton yarn 1.12 12 . 76 15
16. Cloth: Mill made 1 . 27 7 .51 25
17 . Cloth: Hand loom 1.12 14 .42 38
i a. Jute textile 1 . j  3 10 .52 24
19 . Paper 1.57 o .63 18
20 . heather . 98 19 .47 30
21 . Fertiliser . 93 23 .53 22
22 . Pharinaceu f i cal s 1.04 17 .46 31
23. Other chemicals . 96 20 1.34 6
24 . Cemen t 1.12 13 .94 11
25 . Basic metals 1.05 16 2.15 3
20 . Metal products . 94 22 1.03 10
27 . Machinery . 98 18 .92 12
28 . Transport equj pment 0.86 27 .53 21
29. Wood .73 33 .53 23
30 . Mi sc.industries 1.23 9 2.00 4
31 . Urban-Housebuilding 1.31 6 .42 37
32 . Rura1-housebui1ding 1.12 11 .44 35
33 . Non-res id. building 1.34 5 .45 32
34 . Construe: Elec. & Gas 1.26 8 .44 34
35. Construction:transport 1.53 4 . 42 40
36 . Other construction . 89 26 .42 39
37 . Petroleum products 4.17 1 5.78 1
38 . El ec tricity 2.49 2 .66 17
39. Gas .55 41 .51 26
4 0 . Transport sorvice I . 09 15 1 .46
4 1 . Trade service .51 44 3.93 2
42 . Housing service .56 39 .40 46'
43 . Hea 1 th .96 21 .41 41
44 . Educat ion . 47 16 .40 47
45 . Pub 1ic administration . 73 32 .51 27
46. Bank and insurance . 58 37 . 60 19
47 . Other services . 43 47 .79 14
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We observe from the first column in Table 4.5 that sectors like 
petroleum products, electricity, paper, the various construction 
sectors, miscellaneous industries, cotton yarn, jute textile and 
electricity and gas transmit above-average impulses to other sectors or, 
in other words, these sectors provide a more powerful stimulus to the 
economy than other sectors. Secondary industries emit relatively 
stronger intersectoral impulses than primary ones. Sectors in which 
there is a high degree of vertical integration exhibit low power of 
dispersion because the stimulus of expansion is felt within the sectors, 
and in the case of the Bangladesh economy metal products, fertilizer, 
other chemicals and leather are such sectors. “
High sensitivity of dispersion can be found in other crops, 
livestock, other chemicals, basic metals, metal products, miscellaneous 
industries, petroleum products and transport and trade services. These 
are sectors which depend heavily on other sectors for sales of their 
output. Sectors with low sensitivity of dispersion are those which do 
not depend on other sectors for growth and include education, health, 
and housing service, cloth, tea, food and tobacco, the last four of 
which are exported or directly consumed at home. As these results would 
suggest, the rank orderings by total forward and backward linkages are 
very similar to those by power and sensitivity of dispersion. Table 4.4 
shows a very high and positive rank correlation between backward 
linkages and power of dispersion. Similarly there is a high positive 
correlation between the measures of forward linkages and sensitivity of 
dispersion. An industry which is strongly affected by expansion of the 
system as a whole (high sensitivity of dispersion) will be so affected 
through its forward linkages with other sectors. Note that the 
correlation here (as in the case of backward linkages and power of 
dispersion) is higher for direct than total forward linkages which shows 
that the inducements received by a particular sector is more influnced 
by direct flows than by indirecr flows. In other words, sectors having 
high direct linkages are in a position to supply and to receive 
inducements more than those having low direct linkages. Direct effects 
are more powerful in supplying or receiving growth stimulus than when 
indirect effects are embodied.
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4.6 Coefficient of Variation
It may be argued that the indexes of dispersion do not tell us the 
whole story since these indexes are averages over all suppplying and 
receiving sectors. These averages are sensitive to extreme values. It 
may be that a certain industry has a high power of dispersion while most 
industries remain unaffected if final demand for products of that 
industry increases. Likewise it may be that a certain industry has a 
high sensitivity of dispersion where only one or few industries depend 
on the industry under consideration. This reasoning suggests the need 
for a measure of variability and we put forward the coefficient of 
variation is an approriate measure in Chapter 3. The index Vj will 
indicate the extent to which industry j draws evenly on the system of 
industries while the index V- will express extent to which the system of 
industries draws evenly on industry i. The calculated coefficients of 
variation for the Bangladesh economy (1976-77) obtained by using 
equations 3.8 and 3.9 are presented in Table 4.6
We observe in Table 4.6 that the highest coefficient of variation 
in the backward direction (Vj) is in the other services sector with 
service sectors such as educat. ion, trade and banking also having high 
values. To the extent these sectors (along with primary sectors such as 
rice, livestock and forestry) do draw on other sectors, they do so in a 
very concentrated way. Sectors with high total backward linkages such 
as petroleum products, non-res ident, ia.l building, urban-housebuilding, 
misccellaneous industries, electricity etc have generally low 
variability. Thjs suggests that sectors which draw heavily on other 
industrioes do so across a broad spectrum of supplying industries. The 
same conclusion holds good for the forward direction also (V.). This is 
confirmed by the high negative correlation between measures of backward, 
forward linkages and coefficient of variations revealed by Table 4.4. 
Generally speaking sectors with high total linkages have smaller 
coefficients of variation than those having low linkages. Thus, the 
choice of sectors with larger linkages as key sectors will result in a 
more uniform spread of inducements.
Table 4-6: Coefficient of Variation
Sectors Rank Rank
<
C
...
by V
j
V
i
by
1 . R i c o 5.1 2 6 5 . 31 27
2 . When t 4.45 16 5.89 19
Jute 4 . 52 15 4.54 33
4 . Cotton 4.45 17 3.69 35
5 . Tea 3 . 83 24 6 . 85 4
6. Other crops 5.04 3 3.26 39
7 . Livestock 5.19 5 2.87 41
8. FisherLes 4 . 71 12 6.82 8
9 . Forestry 5.77 9 3 . 55 36
1 0 . Sugar: 3.70 28 6.25 1 7
j 1 . Edin!e oil 3.60 29 5.66 22
12 . Sa ] 1; 5 . 12 7 6 . 35 14
i . Tobacco prod. 3 . 82 25 6 . 85 3
14 . Other foods 3.22 33 6.84 6
15 . Cotton Yarn 3 . 34 34 4 . 07 34
16 Cloth: mi 11 made 2.76 45 5.58 20
17 . C.l of h : hand loom O  *7 OC- . 1 KJ 44 6 . 61 11
j 3 . Jute textile 3.16 40 5 . 34 26
.19. Pa per 3.78 26 4 . 89 29
20 . Leather 3.58 30 6 . 83 i
21 . Forti1izer 3 . 24 37 5 . 22 o  p
22 . Pharmaceutica1s 3 . 17 39 6 . 47 13
23 . Other Chemicals 3 . 55 32 2.47 42
24 . Cement 4.04 21 4 . 63 30
25 . Basic Metals 4 . 57 14 2 . 47 43
26 . Metal products 3 . 58 31 3 . 05 40
27 . Meeh inery 3.33 35 3 . 31 33
28 . T r ans p o r t. e q u i p men t 3.71 27 5.70 21
29 . Wood 4.17 20 5 . 35 25
30 . Misc.industries 3 . 28 36 1.93 45
31 . Urban-housebui1ding 2 . 53 46 6.57 1 2
o  oo  C. . Rura 1 -housebu i. Iding 2.31 43 6.31 1 5
33 . Non - resident. 1)ui1 ding 2 . 53 47 6 . 22 18
34 . Construction:Elec . & Gas 2.84 42 6 . 29 16
35 . Construct ion:Transpurf 2 . 85 41 6 . 66 10
36 . Other Construction 3 . 42 33 6 . 84 5
37 . Petroleum products 4.21 19 2 . 34 44
38 . Electricity 4 . 66 13 4.57 32
39 . Ga s 5.10 8 5 . 39 24
40 . Transport service 4.43 18 1.97 46
41 . Trade Service 5.50 4 . 79 47
42 . Housing service 4.95 10 6.85 2
43 . Henifh 3.39 23 6.71 9
44 . Education 5.83 2 6.85 1
45 . Pub.1 ic Admini st ra t i o 3.76 22 5.48 23
46 . Rank and insurance 4.80 11 4.62 31
47 . Other services 6.51 1 3.48 37
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4.7 Selection of Key Sectors
As mentioned in the third chapter, we define key sectors as those 
in which, firstly, both power of dispersion and sensitivity of
dispersion exceed unity. In other words, those sectors which generate 
above-average input requirements from other sectors and whose outputs 
are widely utilized ’ey other sectors. Rasmussen (1956, p!43) argues that 
knowledge of these measures is of value in terms of economic depression 
because it permits us to focus recovery policy on those industries whose 
expansion would 'lead to a general increase in economic activity 
embracing all or at least most, industries'. Secondly, key sectors will 
have low variability which means that a particular sector is evenly 
dependent, on other sectors for its inputs and also the whole system of 
industries draws evenly on it. Originally, Hirschman (1958) did not 
explicitly consider the importance of variability but he commented later 
(1967, p73) that the greater the concentration of a project's output on 
a few cells of the inter .industry matrix the greater the risk. Spread 
effects are exceedingly important from the point of view of industrial 
diversification and economic development. Thus, a key sector should have 
a relatively low coefficient of variation. In line with Rasmussen's 
approach we have decided to select the key sectors in the Bangladesh 
economy on the basis of the following criteria:
1. Power of dispersion greater than one
2. Sensitivity of dispersion greater than one
3. Coefficient of variation less than the economywuie averages 
which are for V.; 4.63 and V: 4.49
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The following key sectors emerge:
Sec tors U V U V
j j i i
1. Basic metals 1 . 05 4.57 2.15 2.47
2. Miscellaneous industries 1 . 23 3.28 2.00 1 . 93
3. Petroleum products 4.17 4.21 5.78 2.34
4. Transport service 1.09 4.43 1 . 46 1 . 97
This is a stringent, set of criteria. If we relax them a little and
a 11 ow the sens i t i v i t y o f dispersion to be greater than .5 and the
coefficient of variation to be a little higher (by 1/4) then another 
five key sectors emerge:
S e c  t o r s U V u V
j j 1 1
5 . C o t t o n  y a r n 1 . 1 2 3 . 3 4 7 6 4 . 0 7
6. C l o t h :  mi l i m a d e i . 27 2 . 7 6 . 51 5 . 5 3
■ J u t e  T e x t i l e 1 . 1 3 3 . 1 6 . 52 5 . 3 4
8. P a p e r 1 . 5 7 3 . 7  8 . 6 3 4 . 8 9
9 . C l e c t r i c i t y 2 . 4 9 4 . 6 6 . 6 6 4 . 5 1
Comparing the priority sectors based on Hirschman's criteria 
(quadrant IV in Table 4.4) and Rasmussen’s approach above reveals that 
Hirschman's key sectors have higher import dependence than Rasmussen's 
(from the input-output table). One of Rasmussen's key sectors, transport 
services does not depend on imports at all. Moreover, it is seen from 
Table 4.1 that these sectors fall within the first 17 highest ranking 
sectors out of 47 with respect to both direct and total backward 
linkages. So, we propose in this work that the sectors chosen on the 
basis of Rasmussen's approach can be termed the key sectors for the 
Bangladesh economy. Rasmussen indices cover both direct, and indirect 
repercussion effects and are properly weighted. Of course, some sectors 
have conn* out to be the same in both approaches. One thing common to
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both the measures is that they belong to the demand approach. 
Investments in these chosen sectors are supposed to increase total 
inducements and receipts as well. As Hirschman (1958, p41) argues, 
investment is a many-sided actor on the economic scene. It is a 
pace-setter for additional investment. But it is to be borne in mind 
that key sectors can not be uniquely determined ami the present work is 
limited and cannot say with assuredness that an unbalanced growth 
strategy would be appropriate to the Bangladesh economy or not. It is 
quite likely that key sectors will be different if they are defined not 
by inter industry linkages but with respect to some objective function 
such as a given growth rate, maximisation of per capita income or 
consumption. A different time horizon may also alter the choice. If 
imports had not been amalgamated into the flow matrix, the choice of key 
sectors would have been different. This is a problem which needs to be 
rectified if sectoral planning is to be successful. Moreover, the choice 
of key sectors may change if the assumption of fixed input proportions 
were relaxed, thus allowing for substitution between inputs. For the 
purpose of investment planning 'ey sectoral linkages alone are 
inadequate. An effective plan would also require information in scale 
economies, total fixed capital formation, employment patterns, value 
added by component, labour productivity, industrial concentration and 
techno] og.i ca 1 change .
The present work is an attempt to quantify and identify sectoral 
linkages in the Bangladesh economy which can be of help in determining 
priority sectors for resource allocation. Technically the linkage 
coefficients were taken to be the indicators for determining sectoral 
ability to spread growth impulses and for' this purpose backward and 
forward linkages and spread effects were calculated. Unlike the 
traditional approach, the forward linkages were calculated by using the 
output approach.
The results show t.hat. the Bangladesh, economy Is generally poorly 
integrated. This is supported by the fact that the linkage Inducements 
and receipts are poorly correlated. It is also evident from the present 
study that sectors having low total linkages tends to have their
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inducements to be more concentrated on few sectors. For a more uniform 
spread of inducements, sectors with larger linkages should receive 
preferance. This study suggests that other things being equal, sectors 
with large total linkages should be selected for expansion. In this way, 
many sectors are likely to get uniform inducements or receipts. A 
further implication is that analysis based on interindustry linkages 
should include both direct and indirect and induced effects otherwise 
linkages will be underrated. On the basis of Rasmussen's approach, basic 
metals, miscellaneous industries, petroleum products and transport 
service sectors emerged as the leading sectors for the Bangladesh
e c o n o in y .
82
CHAPTER 5
LIMITATIONS OF THE USES OF LINKAGES
Whatever may be thought of the Hirscnman type of development 
strategy, the different linkage measures are altogether too crude" as a 
basis for empirical analysis of the role of linkages in the development 
process. Important factors such as the pattern of international trade 
and international competitiveness, natural resources and endowments of 
skill and technology are not given explicit recognition in linkage 
analysis. Moreover, in contrast to the growing importance of the concept 
of linkages, associated empirical work does not appear satisfactory, 
mainly because the methods proposed for evaluation of linkages suffer 
from serious conceptual limitations which have not been completely 
overcome. Such limitations can seriously affect empirical results 
thereby giving erroneous evidence or biased suggestions for industrial 
po l ic ies.
In interindustry analysis the level of income is totally ignored on 
the assumption that income is independent of the structure of production 
and is exogenous to the system. This assumption is certainly very rigid. 
For developing economies, the construction and usefulness of 
input-output, tables have been questioned by a number of economists (eg. 
Peacock and Dosser 1957, Chenery 1961). Their reservations lie in the 
fact that insufficient, attention has been paid to the table methodology 
and the fact that construction of the tables has been a protracted 
affair.
As ü guide 1o dove!opmen; strategy, t he 1inkages/key sectors 
approach lias a number of drawbacks, principally:
I . The problems of measurements of linkages and the 
identification of key sectors
33
2. The problems noted by Hirschman (1958) himself that induced 
investment will depend on the level of demand for inputs 
(backward linkage) and the level of supply of inputs (forward 
linkage), in turn this will rely on the postulated output
level in the selected key sectors.
Precise delimitation is one difficulty with induced investment.. 
Investment is undertaken because for one reason or another the ensuing 
output is expected to firm a market. Development, brings with it external 
diseconomies as well as economies. The external diseconomies brought by 
new Investment refer primarily to the damage done to the existing
establishments. The investment reducing effect of new investment 
resulting from competition and substitution effects seem unlikely to 
match the inves tmen t-crea t i ng effects of comp ! emen fa r l ty excep t wire re 
competitive industries are strong and complementarity effects are rather 
weak.
For tackling this second problem Hirsenman (1958) suggested a
weighting scheme in the construction of backward linkages where the 
weights are based on the rates of the demand for each input to the
output of that commodity at minimum economic operating capacity. This 
ratio is taken to approximate to probability, and is less than unity. 
The higher the ratio the greater the probability that the induced 
expansion will be forthcoming. When applied, tills idea gives the 
following measure of linkages:
i j th elements of the Leontief's inverse. Note that; the matrix of weigiits
will change as sectoral outputs change.
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This refinement is still confronted with questions like what output 
weights should be used to determine w.j and hence Vj . A number of 
wt'iters (Jones 1976, Rasmussen 1957) have suggested the use of actual 
final demands or outputs to calculate the w.; values. One difficulty
here is that measures of linkages based on this weighting system will 
reflect the actual or ex post, linkages in the economy rather than the ex
ante or potential linkages created by concentrated development of
certain key sectors and the ex ante market disequijibriura created by
this selective expansion. As a result the question of the scale of 
expansion of the key sectors remains unresolved.
Although linkage measures based on the ex post level and pattern of 
production may be useful for summarizing the interdependence of sectors 
at current levels of production, they are not necessarily very useful in 
the context of the type of growth envisaged by Kirschman. Thus, tiiese 
criticisms at least give rise to some doubt about the reliability of 
linkages as a means of identifying key sectors in the development 
process.
Another criticism relates to comparative advantage. Most developing 
countries are highly trade-dependent (Salvatore 1983) and decisions 
about investments cannot avoid comparative cost: aspects. Linkage
measures used for sectoral rankings take no account of comparative 
advantage and the choice between imports and domestic production, 
despite the fact that the Iinkage hypothesis relies heavily on import 
substitution in the development process.
Resource allocation considerations derived from neoclassical 
principles of comparative advantage may well militate against the 
development of backward linkages in labour-abundant LDCs (Riedel 1975). 
Moreover, economies of scale considerations may mitigate _ the 
appropriateness of the linkage hypothesis in a particular developing 
country. According to the Hirscbman hypothesis the creation of 
bottlenecks induces entrepreneur ia 1 skill. But if one considers the 
intricate and innovative ways in which peon I u of developing countries 
deal with adversities, it is apparent that decision making ability is 
not altogether absent.
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The linkage model implies an unbalanced or disequilibrium growth 
sequence which is quite distinct from that implied by programming models 
and cannot be incorporated into them. It appears that if the Hirschman 
approach is accepted and a disequilibrium growth process is prescribed, 
some alternative means must be sought to account for comparative 
advantage in the linkage measures and in identifying key sectors.
Another curious feature of these linkage measures is that the 
capital goods sectors which in the input-output table sell their output 
to final demand will always have low linkages and will not appear to be 
key sectors. The* existing linkage indexes which account only for 
intermediate inputs are therefore biased measures. In the case of 
backward linkages due weight is not given to sectors which employ 
capital-intensive production processes. Similarly forward linkages do 
not give due weight to sectors which produce capital goods since 
production of investment goods is counted as part of final demand in the 
input-output, table. While Hamilton (1935) has provided the solution in 
theory, very few developing countries are able to produce reliable 
measures of capital stocks and flows.
The input coefficients of Input-output tables are usually expressed 
in value terms and thus relative prices can distort the picture of 
linkages in physical terms. When physical interrelations are given 
consideration intersectoral inducements are more meaningful. For 
international and intertemporal comparisons it would be better to make 
valuations in constant uniform prices. Moreover, when analysis is made 
for intertemporal comparisons then the differences in measured input 
coefficients may be due to differences in product mix rather than in 
technology. In addition, the use of fixed input coefficients implies 
constant, returns to scale in transforming basic inputs into final 
output. In other words, input coefficients imply a linear, homogenous 
production function but. linkages may lead to economies of scale through 
vertical or horizontal integration of the production process. It has 
been argued that while constant, returns to scale might be found in some 
indust?'i es. in others we should export to observe increasing or 
decreasing returns to scale. The static input.--out.put model assumes
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constant returns to scale for all sectors, however, and it is this which 
has disturbed some critics. As F.vans and Hoffenberg have pointed out, 
however,
the question as to proportionality, linearity, or 
nonlinearity is not properly conceptual, hut rather a subject 
for empirical investigation and an appeal to facts. The point is 
stressed because the assumption of proportionality and the 
i n t f " ' 'n.ius try relations approach have been sometimes discussed 
as if they were necessarily related; in fact, they are largely 
independent (Evans and Hoffenberg 1952, p97).
Few economists have been critical of the input-output technique 
when it is used for fiescr.ib.ing the structure of an economy at a given 
time. What the critics have questioned is the usefulness of input-output 
as a predictive device. Milton Friedman has stated this point of view as 
f oilows:
...I want to emphasize at the outset the distinction between 
the input-output table, regarded as a statistical description of 
certain features of the economy, and input-output analysis, 
regarded as a means of predicting the consequences of changes in 
circumstances (Friedman 1955, p170).
The early attempts to translate liirshman's concepts of backward and 
forward linkages for identifying key sectors into techniques for 
promoting development or for regional planning were incomplete because 
they did not fully take into account the interdependency between 
industries even in terms of intermediate product flows. Attempts during 
the 1960s and 1970s to remedy these deficiencies have been 
unsatisfactory either because backward linkages and forward linkages, 
being based on inconsistent definitions, could not be added into a total 
measure of linkages or because linkages between the chosen industry and 
the rest of the economy were confused with feedbacks internal to the 
industry in question. Moreover, since sectoral capital output ratios 
and gestation Jags of sectors differ, the Hirschman linkage hypothesis 
cannot be tested by the correlation of linkage coefficients and growth 
rat.es. To test whether or not sectors with high, linkage indexes have 
been given more importance in development strategies, correlation 
'net.warn linkage coefficients ami shares of the sectors in total
investments should be made.
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The important question is whether linkages necessarily imply growth 
impulses or not. If demand pressures are to be converted into domestic 
growth inducements, there are several interlinked conditions that need 
to be satisfied:
The demand (and supply) Induced by linkages should be large 
enough to correspond to the minimum economic size so that 
establishment or enlargement, of a firm becomes viable
- Entrepreneurs must be skillful, with the vision and foresight 
t.o enable them to respond to these pressures at the right time
- Complementary resources must be available
- Policies towards industrialisation in general and towards 
industries induced by high linkages in particular should be 
favourable to growth.
If institutional and other factors do not permit productive activity to 
respond to the demand pressures the consequences may be:
- The linkage pressure might lead to high imports thus creating 
balance of payments problems
- Owing to the conditions of excess demand the prices of 
commodities whose linkages could not be realised would rise
- The sector that induced linkages that could not he realised 
would experience slow growth and underutilisation of its own 
capacity.
One-to-one correspondences between linkages and growth impulse may 
not exist in developing economies where many institutional and other 
factors are not sat.is.ifi.ed. As the process of planning in developing 
countries aims at achieving multiple objectives, the linkage approach 
cannot provide the sole criterion for the choice of key sectors in 
developing countries. The priority ordering of the sectors would lose 
its meaning if the government were to adapt such policies as would 
disturb this ordering in the actual implementation of the plan.
There is no unique definition of key sectors. The definition 
depends exclusively on the problem at hand. Tt may he that the relevant 
definit ion should refer to increase in total employment resulting from a 
given increase in final demand. But even if this definition is adopted, 
l he model considered must be relevant. Moreover, the technologically
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grounded production function implied in input-output tables may well 
apply to several sectors of a developing economy such as manufacturing, 
mining and the utilities. But in some sectors with highly stochastic 
elements, such as agriculture, trade and banking services, this concept 
is not very re 1event.
Sectors having high backward linkages depend heavily on 
intermediate goods which are typically capital intensive. In the context 
of least developed countries (such as Bangladesh) this means that they 
should give priority to sectors which are capital intensive, although 
the argument over choice of technology is complex. Least developed 
countries cannot be committed to such a position. There is no 
consideration of efficiency or comparative cost in the selection of key 
sectors by refering to linkages. Although comparative advantage is not 
simple to determine, international trade theory suggests that for least 
developed countries comparative advantage lies in labour intensive 
manufacturing products. I f we define labour-intensive to mean direct and 
indirect labour requirements per unit of output, such an activity will 
substitute labour for capital not only directly but also indirectly by 
making less use of intermediate inputs, or importing them rather than 
producing them locally. Such a sector will have low backward linkages 
and yet ex hypothesi it is a suitable candidate for promotion (Riedel, 
.1976) .
Linkage coefficients are also quite sensitive to the level of 
aggregation at which sectors are specified in input-output tables. Each 
industry appears as an aggregation of a number of sub-industries. But it 
is clear that the definition of industries will influence the value of 
the indexes.
Alternative aggregations from N industries to n industries may be 
visualized. This alternative system of n aggregated sectors may be 
compared. One system may give greater variations in power of dispersion 
and c<i efficient of variation compared to another system. The process of 
aggrogaiion nay produce a system of industries of a more 'one-sided 
char notes . If the aggregation has been performed in such a way that
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industries vertically connected have been pooled, the result may be a 
system in which the feedback effects are relatively small.
Errors of measurement may also influence the efficiency. For 
instance, errors of rounding may be involved in the registration of 
input output flows. To put an input-output system to work, it must 
first be quantified through empirical measurement., and this process can 
not be carried through without error. In a very large equation system 
many errors, however small, may cumulate to have serious effects on the 
estimates. Errors may also appear when lack of proper information may 
force the use of proportional interrelationship functions in place of 
more appropriate nonhomogeneous linear forms.
The static input-output model is essentially a finished analytical 
tool, although there will continue to be improvements in the statistical 
imp 1 enter*talat.ion of this model. Because the static model is limited to 
the flow of current transactions and because of its fixed technical 
coefficients, the applicability of the static model is limited to 
short-run analyses. In some empirical input-output tables no distinction 
Is made between sales of scrap or by-products and sales of regular 
products. This form may have disturbing implications when used for 
forecast against a changed demand vector. An adjustment in the format of 
input-output tables can be made to deal with competitive imports. 
Input-output research is deficient in the sense that it. uses static 
instead of dynamic models. The lack of adequate data on the relation 
between capital and output still prevents empirical applications of 
dynamic models.
In a developing economy like Bangladesh the conversion of supply 
and demand pressures into domestic growth impulses depends on various 
strategic factors. Among such factors are the existence of skillful 
entrepreneurs, skilled manpower, appropriate institutional arrangements, 
credit facilities and government, policies conducive to industrial 
growth. Beyond that, demand and supply pressures induced by linkages 
should he large enough to correspond to tho minimum economic size so 
that the new firms become viable. As an extension of the present work,
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the following relationships could he explored for the Bangladesh 
economy:
1. Correlations between linkages and price changes
2. Correlations between linkages and changes in capacity 
uC1 1isat ion
3. The relationship between linkages and growth in output- 
producing sectors
4. Total linkages and trade linkages.
Linkage-based development planning must take into account cri-teria 
such as availability and allocation of the limited funds and other 
resources. As an extension, balanced-growth versions of the linkage 
hypothesis can be tested. Using the Yotopoulos and Nugent procedure, 
t.lie balanced-growth version of the linkage hypothesis could be tested 
which would give insights into how industrialisation and the choice of 
growth sectors in Bangladesh conform to the linkage hypothesis and 
balanced-unbalanced growth strategies. This study could also be extended 
by applying Hamilton's approach to fixed capital. An accurate picture 
of linkage effects would also depend on the division of imports into 
competitive and non-competitive goods, for only this would reveal 
potential domestic growth sectors.
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